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BAROMETERS 
Mercurial 


CONTROLLERS 


Flow 
Humidity 

pH 

Liquid Level 
Pressure 
Temperature 
Vacuum 


FLOW INSTRUMENTS 


Controllers 
Indicators 
Integrators 
Meters 
Recorders 


GAGES, RECORDING 


Pressure 
Temperature 
Vacuum 


HYDROMETERS 


HYGROMETERS 


Wet & Dry Bulb 
Thermometers 


LIQUID LEVEL 


Controllers 
Indicators 
Recorders 


MERCURIAL GAGES 


Absolute Pressure 
Mercurial Vacuum 


MOISTURE METERS 


Grains, Tobacco, 
Wood, Granular 
Material 


OIL TESTING 
INSTRUMENTS 


POTENTIOMETERS 


Controlling 
Indicating 
Recording 


PYROMETERS 


Controlling 
Indicating 
Recording 
Resistance 
Thermoelectric 


RECORDERS 


Electric 

Flow 

Humidity 

pH 
Hygrometer 
Liquid Level 
Pressure 
Psychrometers 
Temperature 
Time-Operation 
Vacuum 


STEAM TRAPS 


THERMOMETERS 


Chemical 

Dial 

Electric 
Expansion Stem 
Indicating 
Industrial 
Recording 
Resistance 


VALVES 
Diaphragm 
Reducing 
V-Port 
Three-Way 


<e 


TAG RECORDING 
PRESSURE GAGES 


These moderately priced in- 
struments are carefully de- 


seins signed, accurately calibrated 
5 and are available in 3 sizes 
—utilizing 9”—10” and 12 

charts. Catalog No. 1210-1 

gives all the facts—and in 

addition to full informa- 

tion on TAG Pressure 
Gages — illustrates and 

describes TAG Record- 


ing Thermometers. 








—— 


Deviations from the Norm ---When ‘he 
Occur - + + Their Duration and Exte) 


Precisely Recorded by - - - 





RECORDING 
PRESSURE GAGES 


In war production it is not 





enough that a pressure gage 
merely show fluctuations . . . it 
must tell WHEN . . . HOW 
LONG . . . HOW MUCH. 
Then, and only then can process 
control be exercised consistent 
with war production standards. 


The continuous record — the 
complete story told by the TAG 
Recording Pressure Gages — is 
quite as important in the post- 
war production picture as it is 
today. The potential savings in 
materials and uniformity through 
improved process efficiency are 
of material interest. 


The convenient listing at the left 
includes many instruments on 
which you should have data. A 
letter will bring full information. 





C. J. TAGLIABUE MEG. Co. 


Park & Nostrand Ave’s., Brooklyn 5. N. Y. 
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INCREASED RANGE for civil and military aircraft through more precise power output control is 
tive of Kollsman development in engine instruments. That is the function of the new Kollsman 
wer Indicator. Activated by the hydraulic torque balance unit of the propeller reduction gear, it 
lirect reading of B.M.E.P. and, when R.P.M. is set on a sub-dial, net shaft horsepower is also read 


The instrument was developed in cooperation with N.A.C.A. and leading engine manufacturers. 


PRODUCT OF 


a KOLLSMAN AIRCRAFT INSTRUMENTS 


SQUARE 7) COMPANY 


ELMHURST, NEW YORK GLENDALE, CALIFORNIA 




















MOELLER 


PRECISION 
INSTRUMENTS 


INDUSTRIAL THERMOSTATS 
THERMOMETERS 

LABORATORY HYGROMETERS 
THERMOMETERS HYDROMETERS 
RECORDING 

THERMOMETERS PSYCHROMETERS 


MARINE SPECIALTIES ETC., ETC. 


77 Years of 
DEPENDABILITY 


The lasting accuracy, ruggedness and other 
distinctive features of Moeller instruments 
are the resulf of the thoroughly precise 
and honest way they are engineered. 


MOELLER MERCURY THERMOMETERS 


Extreme Precision Grade: Solid glass etched stem, 
mercury thermometers (nitrogen filled) for determining 
temperatures within a fractional part of a degree. 





Standard Thermometers: Provide laboratory accuracy 
combined with sturdiness. Made of highest grade glass and 
materials. Mercury filled, calibrated for total or partial 
immersion. Types with “Moeller Glass Red Reading Column” 
afford optimum ease in reading. 


Industrial Thermometers: High accuracy is easy to 
read under plant conditions because of ‘Moeller Glass Red 
Reading Column". Prevents eye-strain. V-shape case with 
glass front furnished in wide variety of forms such as: 
Straight Stem (see illustration above), Angle Form Types, 
Handle-Top Thermometers for use in food processing, gal 
vanizing, etc., etc. 


Separable Sockets, Extension Necks, etc., etc., available. 
Thermometer Test Wells—machined from solid bar stock. 


DIAL and RECORDING 
THERMOMETERS 


Made to strictest standards of pre- 
cision, these mercury filled instru- 
ments are calibrated for ranges up 
to 1000°F. or equivalent. Square and 
round cases available. Metal and 
Phenolite cases. 


Write for catalog 


MOELLER =——— SINCE 1867 == 
INSTRUMENT COMPANY 


{32nd STREET and 89th AVENUE 
RICHMOND HILL NEW YORK 


Sales Representatives in Principal Cities 
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FRONT COVER: Instrumentation for testing ¢ 
at —10° in plant of John Meck Industries 
Ind. 


EDITORIAL: On Terminology, etc 
By M. F. Behar 


NEW MACHINE-TOOL CONTROL METH( 
employing instrumentation principles 
By Clarence Johnson 


VISCOUS FLOW THROUGH 0.03” ORIFICI ’ 
Further discussions (by R. E. Sprenkle and Beitler\ 
and Closure by the authors (W. Jones and therer) 


ELECTRIC GAGING METHODS 
Conclusion of Chapter III on Capacitance: 
By H. C. Roberts 


ORDNANCE PRODUCTION GAGING 
Chapter XI on Gage Laboratory Personnel 
By Major R. A. Bowman 


ELECTRON TUBE PRINCIPLES 
Chapters XV-XVII, mostly on photoele 
By A. W. Kramer 











































Aviation Instruments Department 


ASC MEN WIN “BATTLE AGAINST SAND 
By Capt. Alfred Friendly, ASC, AAF 


POST-WAR JOBS ) 
Announcement by United Air Lines 
DISCUSSIONS OF BELLIN’S QUIZ 


By J. Walaconis and R. T. Harris 
SHORT: “Cold Tests” 


New Instruments Department 


Indicators, recorders, meters, controllers, insy 
devices, etc., for plant, field, aircraft and lat 


INSTRUMENT SOCIETY NEWS 
MANUFACTURERS’ NEW LITERATURE 
ADVERTISERS’ INDEX 


Published Monthly. on the 15th by 
THE INSTRUMENTS PUBLISHING COMPAN 
1117 Wolfendale Street, Pittsburgh 12, Pa 


RICHARD RIMBACH Major M. F. BEH 
Publisher Editor 


. ‘ FIELD REPRESENTATIVES ae 
/ \\ Tames Condon, 36 Myrtle St., Boston 14, Mass atay’ 
7 0829). R. K. Farnham, Room 617, 17 East Mt, 3 
Y York 17, N. Y. (Murray Hill 2-0821). Har Hi 
MEMBER 


Keith Bldg., Cincinnati 2, Ohio (Main 4260); 9, 
N. Mic higan Ave., Chicage 1, Ill. (Andover \ 
caaaeee Pugh, 2989 Lincoln Ave., Altadena, Calif. (Sy 
culations James R. Wright, 916 Olive Street, St 
(Chestnut 1965). 
Annual Subscription: U. S. $2.00. Copyright 1944 by_The Instrum 


Publishing Company. Entered as second-class matter Jan 
at the post office at Pittsburgh under the Act of March 3 


Subscribers: Note that while the WPB Paper Limitation Order |s 


1. Send notices of changes of address before you mova. Copies 
to replace those not received by reason of moving. Two months 
should be given to assure change of stencil in time. 


2. Renew your subscription before it expires. If you do not remem wtb 
tion date, look for it on the address stencil. Renewal notices wi! sh 
sent before expirations, but only one notice will be sent to each ribet 
renewal must be received within fifteen days. : 
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8. Circulation of Instruments is limited to 10,000 copies. N 

list are placed on circulation list in regular erder to replace non-! 
4. No single copies will be sold. Back copies can no longer be ‘ 
5. No new or renewal foraign subscriptions can be accepted 
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erminology Again 


Mor that their reason has command over their words; 
' that words in return exercise authority on reason. 
—FRANCIS BACON 
Vhat is a lobster?” 
bster is a red fish that swims backward.” 
\ live lobster is not red; it is not a fish; it does not 
d; but evidently you know what a lobster is.” 


) W 
N las mth’s Aviation Instruments Department there 
was an article headed “Synchronous Tac Tester.” Now, 


rom the greatest authority on electrical instruments comes 
etter mildly chiding me for this heading: Dr. George 
plies that I must have known that “synchron- 
was incorrect and that “tac” was a vulgarism. He 
hows a keen understanding of the delicate problems which 
edit serving a diversified audience meets in almost 
ry line of every manuscript; but he misses the point 
at A on Instruments is “a magazine within a maga- 
ing a distinct audience of young aviation enthu- 

a distinct LANGUAGE GROUP.* 


kiasts Who are 
Stretching points to please these fine young men is in my 
ture, but catering to various instrument-minded audi- 


ences the policy of The Instruments Publishing Com- 
pany : Company is not an endowed institution or bureau 
vate enterprise, staying alive if it does a good job 
its readers, doomed to extinction if it doesn’t. 
Part of our service is to make sure that the varied bill of 
fare we serve each month will benefit all those who eat the 
arious dishes. When an aviation man, or a member of any 
group, submits an article for the “main part” of 
ts—a long article or a brief new-instrument de- 
scription which will be read by members of all language 
ps, it is gone over line by line and word by word, to 
sure that it is not printed in his group’s language but 
in the common language of all groups—the Language of 
Instrumentation. This is not an artificial language which 
Instruments wants to impose on various language groups, 
i natural language, a composite language which began 
ve twenty years ago when the American Instrumen- 
n Society} was created to formulate the Science of 
Instrumentation. 





T 


Instruments’ policy is founded on respect for the estab- 
lished usages of all fields. In a manuscript on a mechanical- 
engineering subject we would not dream of changing the 
author’s term “turbine governor” (which is ASME termi- 
nology) to “automatic speed controller” which is the generic 
the AIS terminology. Likewise we have always 
edited manuscripts on purely electrical-engineering sub- 
jects to conform to the AIEE’s terminology even when cer- 
tain terms differed from the AIS terminology. 

This policy is carried out by our entire organization. For 


term ? 








exam} while I was “pasting up the dummy” (printer’s 
‘erminology!) I noticed on page 322 a manufacturer’s liter- 
ature item entitled “R.P.M. Controls for A-c. Lines.” The 


evices are speed regulators but the editorial assistant who 
rites up our new-literature items respected the usages of 


“On The Language of Instrumentation,’’ Instru- 

320-323 

Instruments to the instrumentation activities 

societies to which I belong, but this is the 
; 


old friends have wondered why I suppressed 


read 


298-305, 


led discussion, 
442, pages 
Ways given ample 
scientific and engineering 
~ the AIS. Some of my 


space in 


Perhaps it’s false modesty: I founded it. Perhaps it should not 
haps it should be re-activated, because there is need for a_ national 
like it. In fifteen years I shall reach the three-seore-and-ten mark 
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the electronics field. Complications arise when fields over- 
lap. For example some radio terms differ from those of the 
AIEE. In such cases, as a rule, we respect seniority or 
parentage. Thus radio is a branch of electricity; so our 
obvious duty with articles on electronics (of interest to 


readers outside the communications field) is to translate 
them into AIEE language. But when an article on elec- 
tronic devices deals with topics of interest to all our read- 
ers in all industries, then such an article must obviously be 
re-worded into the Language of Instrumentation. 


Watthour Meter Cups Not Under 


“Jewel Bearings” 





On this page last month appeared a letter from 
Charles D. Burgess, Jewel Bearings Section, WPB, ex- 
plaining the removal of several re strictions in the 


newly-amended Conservation Order M-50. The following 
letter just Mr. 
further amendment of M-50: 


received from Burgess announces a 


We are enclosing a copy of Conservation Order M-50 
as amended April 14, 1944. Please note that paragraph 
(a) (2) has been changed to read as follows: 

“ ‘Jewel bearing’ means any jewel bearing material which 
has been processed in any manner for use where friction 
occurs, including vees, rings, cups, endstones, pallet stones, 
and roller pins. Watthour meter cups are not included.” 

By inserting the sentence ‘“Watthour meter cups are not 
included” in the definition of jewel bearings under Con- 
servation Order M-50 as amended December 24, 1943, it 
now becomes unnecessary for producers, suppliers, or con- 
sumers to further report their production or consumption 
of watthour meter cups. 

This means that suppliers, producers, and consumers will 
have free use of this product, and that there will be no 
further control of watthour meter cups by War Produc- 
tion Board. 

We would appreciate it very much if you would publish 
the above information in your magazine Instruments so 
that the Public Utility Companies will have information 
that the restrictions on the use of watthour meter cups 
have been removed from Conservation Order M-50 and are, 
subject to the control of War Production 


therefore, not 


3oard. 





PROPOSED THERMIONIC CONTROL 
COURSE TO BEGIN JUNE 5, 1944 
Offered under ESMWT Program. Sponsored by University of 
Pittsburgh Chemical Engineering Department 

Description. To provide a complete understanding of present- 
day high-speed instruments in which the galvanometer has been 
replaced by the “radio tube.” College physics, two years of actual 
practice with such equipment, or a ground course in instruments 
will be required. 

The course includes basic training in the theory of the vacuum 
tube and a-c. and d-c. electricity. Coverage is sufficient for under- 
standing of application of photocells and chopped d-c. input circuits. 
Basic coverage is also included for resistance-coupled and direct- 
coupled low-frequency amplifiers, as well as simple oscillator cir- 
commercial instruments which 


INSTRUMENTATION 
(Tentatively ) 


cuits, complete analysis of four 
operate without use of galvanometer to drive a reversible motor 
to operate recording pen directly. 

Class will meet two evenings a week (6:30-10:30). Each meet- 
ing will consist of two hours of lecture and two hours of labor- 
atory work. 

In order to start this course it will be necessary that we get 
at least 25 pledged members. Please communicate with J. A 
Pellettere, 458 Gulf Building, P.O. Box 1166, Pittsburgh 30, Pa 
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Installation on a 12” 


Hendey lathe: (Left) Inventor Johnson demonstrates to visiting engineers; (right) operator’s-eye view 


A New “Instrumentationtype” Air Gaging Method for 
Automatic Control of Machine Tools 


By CLARENCE JOHNSON, Development Engineer, Bailey Meter Co., Cleveland, Ohio 


utilized in the new method herein 

disclosed, the purpose of which is 
to make possible extreme accuracy of 
repetition (within 0.0002”) in the auto- 
matic operation of certain types of 
metal-cutting machine tools. 

At the outset, it is necessary to point 
out that such a degree of precision is 
not commonplace in the majority of 
machining operations. Recent accom- 
plishments by the machine-tool] indus- 
try, by instrument-makers, by aircraft 
engineers and by tool engineers have 
been publicized (and rightly!) until a 
large segment of the technical public 
believes that dimensional control to a 
ten-thousandth of an inch or better has 
become commonplace in modern Amer- 
ican industries. The fact is that this 
degree of precision applies only to 
gages and to a small percentage of 
machined products such as gyroscope 
parts, aircraft engine parts, ball-bear- 
ings, etc.—the great majority of inter- 
changeable components being held to a 
few thousandths of an inch; so that 
there is ample room for improvement in 
interchangeability. Moreover—and this 
is important—the great majority of 
types of high-speed machine tools for 
quantity production of metal compo- 
nents, even now in 1944, are not de- 
signed for such high-precision work 
when they operate automatically in- 
stead of being operated by skilled ma- 
chinists who “mike” each step before 
going on to the next. 


] NSTRUMENTATION principles are 
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THE WAR IS NOT YET WON 
Production MUST be speeded. 
Machine-tool electrification is advocated 
by some; hydraulics by others 
pneumatic devices; and electronics; 
a purely mechanical solution 
or some composite systems. 

We favor AUTOMATIZATION through 
instrumentation whatever its type 
to save our boys’ lives 
and lick the Huns and Japs. 
MFB 





These things having been pointed 
out, it will become apparent that there 
are many fields of application, even 
today, for a method of automatic con- 
trol which obviates the need of stop- 
ping such machine tools after each cut 
—a method which can convert many 
such machine tools into automatic ma- 
chines, or which can step up the pre- 
cision of already-automatized machines 
from a few thousandths of an inch to 
half a thousandth or better. 

An outstanding field of application 
of the new method is in turning, boring 
and facing automatically to the exact 
contours of templets—the contours in- 
cluding slow and fast tapers, round 
corners, square shoulders, etc. All 
diameters and shoulders of a step shaft 
may be turned with one setting of the 
tool. Difficult contours which formerly 
required the use of special forming 


tools may be turned with 
of a simple tool. 

Contour cutting is one of 
problems in shop work a1 
solutions appeared more tha: 
ago, most of them involving 
a heavy weight acting on th 
through a pulley and limited 
on the templet. The result 
tremely coarse. 

The most modern method 
ones whereby a standard ma 
such as an engine lathe 
hand or easily available, is 0} 
powerful means, such as 
type electric motors, hydrau 
ders, etc., under the comma 
“brain” which in turn is go\ 
a simple templet accurate): 
from a thin plate. These met 
cluding the one under discuss 
be called templet-scanning met 

Those employing a light-so 
a photoelectric tube (or ph 
cell} as the scanning devic: 
doubt familiar to many re 
Instruments who keep up wit 
electronic developments. 

The new method belongs to t 
class of templet - scanning 
which may be called the m 
class or the physical-contact 
reason of the utilization of a 
stylus as a scanning device. | 
Instruments readers who keep 
announcements and discussions 
automatic-control instruments 
there is no mechanical contact | 
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e primary element and the prime re- 
by, a stylus scanner might seem in- 
prior to a beam of light. In practice, 
owever, a stylus scanner is still found 
e best means of determining surface 
ntours; and is used for that purpose 
» both the Abbott Profilometer and 
.e Brush Surface Analyzer, which are 
‘treme-precision recorders with charts 
raduated in hundred-thousandths of 
nch—even in microinches whenever 
juired. The new method is capable of 
cting microinch irregularities in 
ny individual templet. 
With this new method, therefore, the 
ecuracy of repetition, as previously 
rentioned, is within 0.0002”—a maxi- 
um variability from workpiece to 
orkpiece due to the overall character- 
tics of the machine and of the tool 
is of the control system—but 
\ [mee accuracy of surface smoothness 
he “ ” of the control system 
s such that when both tool and 
mplet have been properly ground and 
oned, the control system has operated 
‘ lathe to produce a surface 
iess of 60 microinches as meas- 
red by the Brush Surface Analyzer. 
OPERATION 
nm [he schematic diagram shows the ap- 
cation of the method to an engine 
drive automatically both the 
e and the carriage. As is eas- 
with the aid of the shadings 
thodsgmePresenting air and oil, the contour 
mtrol system as a whole comprises 
iss by!) an air gaging system, (2) an air 
ntrol system and (3) a hydraulic 
mange ntrol system. The air control system 














ror 


roper ) 


‘OSS-S 


ith y seer 


wit USed as an amplifier of motion and 
nem Source of power in transmitting the 
whicmOvemont of the tracer stylus to the 


tweel 


vdray 


¢ control system. 


O1L- ESS 


Motion of the hydraulic pilot is from 
25 to 100 times greater than that of 
the stylus, depending upon the rate of 
the spring used in the hydraulic relay 
valve assembly. A fully-balanced air 
pilot valve permits operation of the 
tracer stylus with from 3 to 8 ounces 
of force. This in turn permits the use 
of a soft metal templet. 

The tracer design, based on the regu- 
lation of an air flow to create a back 
pressure, permits measurements to be 
made in a few thousandths of a second. 
lt employs the same principle used in 
precision air measuring gages, except 
that it regulates the air flow by stylus 
position instead of by size of piece be- 
ing measured. In both cases the rate of 
air flow indicates the measurement. 

As the spring-loaded tracer follows 
the templet, changes in contour tend to 
increase or decrease the air loading 
pressure in the air control system by 
changing the rate of flow from the air 
pilot nozzle. Air is supplied to the sys- 
tem from a constant-pressure source 
through an orifice of the proper size to 
maintain the loading pressure of 35 
lbs./in. when the tracer is in a neutral 
position. This air loading pressure 
actuates both the contour relay valve 
and the feed relay valve. 


Let us first consider the contour re- 
lay valve. Here it will be noted that the 
air loading pressure is applied to the 
exterior of a flexible metal bellows 
which, in contracting, forces its hous- 
ing against the spring until equilibrium 
is reached between the force of the 
spring and the force of the air pressure 
on the bellows. The bellows breathes 
during changes in air pressure but al- 
ways is balanced in a position corre- 
sponding to the air loading pressure. 

Since the oil relay valve stem is at- 





tached to the free end of the bellows, it 
also moves up and down with changes 
in air pressure and is at any moment 
in a position corresponding to the ait 
loading pressure. 

Let us assume that at the time the 
control is placed in operation, the cut- 
ting tool is not in contact with the work. 
Under this condition the flow from the 
air pilot nozzle would be decreased by 
the tracer and the air loading pressure 
would increase above its neutral value 
of 35 lbs./in.*. The contour relay valve 
of the hydraulic system would move 
upward and open the rear portion of 
the cross cylinder to drain. Hydraulic 
pressure in the front portion of the 
cylinder would move the piston back- 
ward, carrying the cross-slide, tool, and 
tracer inward. This movement brings 
the stylus of the tracer into contact 
with the templet and increases the flow 
of air from the air pilot nozzle and, 
when the air loading pressure reaches 
its neutral value of 35 lbs., movement 
of the cross-slide stops. At the neutral 
air loading pressure of 35 Ibs. the con- 
tour relay valve has returned to its 
neutral position as shown in the dia- 
gram and has locked the cross-slide in 
a fixed position by applying hydraulic 
pressure equally to both sides of the 
power cylinder. 

In actual operation the air loading 
pressure does not vary appreciably 
from the 35-lb. neutral since any tend- 
ency to depart from this pressure 
causes almost instantaneous movement 
of the cross-slide in the direction re- 
quired to restore the neutral loading 
pressure. 

The rate of longitudinal feed is con- 
trolled by the feed relay valve which 
in effect throttles the cil drain from 
the longitudinal power cylinder in ac 
cordance with changes in air loading 
pressure. The maximum rate of drain 
from the cylinder and consequently the 
maximum rate of feed occurs when the 


air loading pressure is at the 35-lb 
neutral. Either an increase or a de- 
crease in air loading pressure from 


this value decreases the rate of feed. 
In fact, if the deviation from the neu 
tral air loading pressure is sufficient, 
longitudinal feed is stopped altogether. 
Such a condition exists when facing a 
square shoulder. 
APPLICATION 
While the possibilities of applying 
this new method to various machine 
tools are bounded only by the imagina 
tion, its use at the present time is being 
limited to lathes and vertical boring 
mills. The photograph shows its appli- 
cation to a 12” Hendey lathe. The 
essentials are: a sturdy templet sup 
port rack rigidly fastened to the lathe 
bed; a pneumatic tracer held by a rigid 
arm securely attached to the lathe 
cross-slide; and longitudinal 
power cylinders, both attached to the 
lathe carriage; hand controls within 
reach of the operator’s right hand; a 
control power unit which rides back and 
forth on a monorail track with the 
(Continued on page 304) 
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Viscous Fluid Flow through a Small Orifice 


[The original article (by William Jones and Otto 
Lutherer) and one discussion (by M. F. Behar) 
appeared in Instruments, Dec. 19438, pages 728-729] 
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Fig. 6. of the article by Jones and Lutherer (here reproduced 
smaller) summarizing the results of their tests. 


FURTHER DISCUSSIONS 
By R. E. SPRENKLE, Bailey Meter Co., Cleveland, Ohio 


The data presented by Messrs. Jones and Lutherer on 
the characteristics of viscous flow through small orifices 
are indeed welcome. Industry could well use similar data 
from many more such projects, since the total knowledge 
on this subject is rather meager. 

The usefulness of the data in this paper would have 
been enhanced considerably had the data been given in 
more detail. First, the pipe size should have been given 
in addition to the orifice diameter so that the actual orifice 
diameter ratio could have been determined. Then the data 
could have been correlated with those obtained by John- 
asen, Witte, Giese, Daugherty and others as was done in 
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Fig. 9. This is a combination for the benefit of readers who 
do mot have easy access to the Nov. 1933 Instruments in 
which the article by Tuve and Sprenkle was published. This 
illustration is of course much smaller than Fig. 6 of the article 
by Tuve and Sprenkle, which included many fine details and 
showed hundreds of actual test points obtained with heavy 
motor oil, light motor oil, light paraffine oil, and water. Note 
that the orifices used by Tuve and Sprenkle ranged from 0.255” 
to 1.018” and that Jones and Lutherer investigated one extremely 
small (0.03”) orifice. 
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the paper* by Tuve and Sprenkle referred ¢ 
ginning of the Jones and Lutherer article. 

While the general shape of the curves give; 
Jones and Lutherer conforms to those given 
Sprenkle paper for Reynolds numbers from 
does not so conform at higher Reynolds nun 
this may be due in part to the fact that in ¢ 
Lutherer tests the maximum Reynolds numb 
ceeded 2000 (actually there were but 9 to 
above Reynolds number of 1000). It is beli« 
more data been taken at higher Reynolds nu: 
in the coefficient of discharge curves may hay 
evident. In fact, such a decrease in the value 
of discharge actually does occur with standa 
orifices of approved shape as the flow pass 
viscous to the normally turbulent regions as y 
in Fig. 6 of the Tuve-Sprenkle paper. [Ep. 
Fig. 9 herewith.] 

Another possible reason for this lack of con 
lation is the violation of the physical proport 
orifice hole with the requirement of the dian 
orifice hole being equal to at least eight time 
as brought out by M. F. Behar in his discussion. 

It would also have been well to have describ 
dition of the inside surface of the pipe or pi; 
these orifices were tested. Pipe roughness 
moment when the pipes are small in diameter, 
the coefficient of discharge appreciably. Theref 
advisable that such small pipes be of smooth | 
uniform cross-sectional area, at least in thé 
vicinity of the orifice plate location. 

The orifice edge sharpness is an additional 1 
tant point, especially in such small orifices. Th: 


must be sharp and square, and must not appreciabl) 
light. A statement of whether the outlet side of t! 


hole was bevelled or not—and if bevelled, the 
to the proportions used—would also have bee: 


*G. L. Tuve and R. E. Sprenkle, “Orifice Dischar 
for Viscous Liquids.” Instruments, Vol. 6, Nov. 1933, 1 


By S. R. BEITLER, Assoc. Prof. Hydraulic E 
Ohio State University, Columbus, Ohi 


The article by Messrs. Jones and Luthere 
interesting addition to the literature of the fl 


orifices, and certainly is the first published dat 


know of where oil has been used for flow thr 
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Fig. 10. Tracing from graph accompanying Professor B 
discussion, with one alteration by the editor. This alt 
(authorized by Professor Beitler) affects only the portion b« 
R=1000 and R=3000. It consisted in (a) drawing this 
as a dotted line instead of a solid line and labeling it ‘ 
sion’; (b) showing the Jones and Lutherer Fig, 6 test f 
(c) drawing as a solid line the portion between R-—100 
R==2000 and keeping its shape and position. (NOTE—! 
between R==2000 and R=4000 that flow in a pipe line c 


from viscous to turbulent.) 
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orifice: 


size 15 





.e only preceding publication on orifices of this 
, paper by Mr..H. J. I. Bilton in Proceedings of 
ian Institute of Engineers (Australia) in 1908. 


a 5, Mr. (now Professor) R. S. Howell of the 
Georgia Institute of Technology, conducted an investiga- 
tion into the flow of water through small orifices in con- 
nection with his master’s thesis. A copy of this is available 
to the ~ riter, and one of the orifices tested had an actual 
diameter of 0.0314”, which makes it approximately the same 
as the tested by Jones and Lutherer. This orifice was 
in a plate approximately 0.022” thick, so that the results 
from its calibration should give coefficients comparable with 
those presented in the article under discussion. 

With this in mind I have taken the data from the 
authors’ Fig. 6 and plotted points from Professor Howell’s 
thesis on the same curve, with extremely interesting re- 
sults. [See Fig. 10.] It will be seen that one of the points 
for water falls almost exactly on the extension of the 
curve for the oil orifices. This point was for a Reynolds 
number of about 3,000. There is then a sudden break, the 
coefficient falling very rapidly, so that at a Reynolds num- 
ber of 4,000 the coefficient is dropped about 30%. This 
would seem to indicate, first, that the two orifices were 


comparable and, second, that the work done by the authors 


was © 


ntirely in the streamline flow region. 


In Major Behar’s discussion he has pointed out that the 
curves given in Figs. 2, 8 and 4 do not have the same 
shape. However, if all of the points are plotted, I think it 


The able discussions of Messrs. Behar, Beitler and Sprenkle point 


out th 





AUTHORS’ CLOSURE 
By WILLIAM JONES and OTTO LUTHERER 


e necessity of elaborating on three points, namely: 
The orifice characteristics. 


Z 
2. The interpretation of the data as to the composite INLET 


curve obtained. 
3. The purpose for which the data were obtained. 


g. 11 shows the orifice plate and the block in which it was i6 
inted. The design was made so as to include a clean-out feature 
h consists of a drill the same size as the orifice, mounted on a +opia: 


would be found that an average curve could be drawn 
through the various data which would be as accurate as 
the individual curves. This brings out the fact that it is 
very difficult to decide on the shape of a curve when a 
relatively large number of points are available and whea 
the curve follows no definite mathematical shape. 

Experience in working with orifices using oil has shown 
that it is rather difficult to repeat tests and get consistent 
data. The authors’ curves indicate this, since there is a 
spread of approximately 6% to 8% between data taken at 
about the same Reynolds number. This is especially true 
when using petroleum products, since there may be some 
lack of homogeneity in the material at various times. If 
this is taken into account, it can be seen that the spread 
between individual curves is within the limits of the ex- 
perimental error of the data, and it would be difficult to 
predict the behavior of an orifice of this size with the in- 
formation now available to much closer than +5%. 

Considerable additional work must be done to determine 
the effects of some of the variables such as orifice thick- 
ness, orifice edge condition, approach roughness, etc., be- 
fore it will be possible to accurately predict coefficients for 
small orifices. 


FIG. 11 
CROSS-SECTION OF 
ORIFICE PLATE 
& HOLDER 
(% SIZE) 


t-— PACKING GLAND 







ORIFICE 
= CLEAN-OUT ROD 





“INLET PRESS. TAP 


3° i+—— ORIFICE PLATE 
=DIAS 





1———.. 
INLET 32-5 ZZ ZZ eves 

| |} 1A 
: r—-.03b 


| 
| 

| 

| 

| 4 

i _— 4 





































































































































































































ovable shaft and placed concentric with the orifice. OUTLET 4 
2. The three curves shown in the original articles as Figs. 2, 8 ENLARGED 2 TIMES 
d 4, which correlate the data for the indivi- 
ual oils used, have been redrawn in Fig. 12 a SE Re Re es ae Se Ee, SE 
and are shown so as to present the data in a 4 eae ee { 
liffe form. Each original curve is shown gor ++ ___;__} ___) fj __j_ 4 Bett +e 
here as three curves, the difference between us eee r 
th es . . Ke 0,7 peitieasd 1 ra } | 
the curves being due to a different pressure 5 Bray SR AR REESE 
drop across the orifice, and the difference be- Zoe yc | 4 MEERRRECE: VY  RRREREEE 
tween the points on any one curve being due 2 }j-+1/11 Rape }_}_|_NO.3 COMESTIC FUEL Cit. 355.U.S. AT 100 F 
to a different oil viscosity. This method of B90 stn a00- B00 OS OS SOS SS — HOO TIBSO 5CTESS TESS TESS ESTES 5S 5 
é } 2 00 15 ) 1700 1800 1900 2000 
presentation of the data seems to ere Ween 
bear out S. R. Beitler’s conclusions 0.8 <i TTITITITLLITILIL —— 
concerning data consistency. oerty REESEREV OR ROR a coe ee 
3. Although it would be advantage- “LE SEeePe_. Pe TT TTT TTT 
ous to obtain results which would be of % og =m eke eee! | ESaSSeRe 
value in metering fluids, the authors < = 5 BESHE SSE R58 _= ~4 = 
did not have this in mind when the § os oe ae Spr | ttt “ 
work was started. The main idea was - : tas iat i L i er me + t THE 3 TTT tt 4 
not primarily to determine the actual 6 “(TTT TT. aan | [_]_NO.5 LATONIA FUEL OIL. 30S.F.S. AT 122°F. | 
low coefficient but to determine the Ses | Baee Perea ecrtrtrtigtyiaritt + | =} 
trend or change in the coefficient as 9° ee ee ee 
more or less oil was put through a = § °.26++- 08 , . : . —-7 
valve or orifice by changing the pres- 8 7-774 oe t+ aeeee m 
sure drop. For this reason, no special * aa Ry ot i + me Rote a a a 
attention was given to the orifice 2 22°. 08°" oo Ht 
characteristics except to make it Pa Oe hex e--=e CI ry | PITLT LIT Elite 
measurable and thereby be able to o ost ate FALSE SRROR ESAS SSA 
eae: w | a | | | | 
determine Reynolds Numbers for cor- eo -+ ++ t—+—+}—-+ + 3-4 + 
relation purposes, which would not be 5 £04 SERRMBER CR EEEE ] 
possible with an ordinary valve. 2 ae 
The authors wish to thank Messrs. a err. a ew | 
; Behar, Beitler and Sprenkle for their a2 eal | 7s. FIG.4_) 1 J | 
nlightening discussions and construc- t-t- Se eee LJ 
ti riticisms. Or! 120 140 160 160 100 120 240 260 280 300 320 340 36C 
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May 1944—Instruments—Page 259 











ELECTRIC GAGING METHODS 


for Strain, Movement, Pressure and Vibration 


By HOWARD C. ROBERTS, University of Illinois 


CHAPTER III 
METHODS BASED ON VARIATIONS 
OF CAPACITANCE 
ELECTRIC CIRCUITS 
(Concluded) 

Ail of the previously-described circuits have been ap- 
plied to gaging elements of the two-plate type. This 
pick-up has the disadvantage of non-linearity of response 
when used with the circuits described; and this non-linearity 
becomes more pronounced as the spacing of the plates is 
made closer. Yet, for many applications, the plate spacing 
must be made small in order to provide sufficient sensi- 
tivity. Certain types of installations (pressure measurement 
in particular) are most easily made with the two-plate 
pick-up; for this reason there is still a demand for improved 
circuits. 

An examination of the curves previously presented (see 
Figs. 2A and 2C) will show that it is not convenient to 
measure large movements with a two-plate capacitance- 
type pick-up, unless it is of the variable-area type. With 
the three-plate push-pull type, however, relatively large 
movements can be measured and recorded without serious 
distortion or the need for elaborate shielding. The balanced 
nature of the pick-up facilitates its installation, so that 
although its impedance is extremely high, difficulties aris- 
ing from that source can be eliminated. For example “body 
capacitance” due to approach of operator’s hand during ad- 
justment causes no difficulty in such a balanced circuit. 

The first such circuit was a simple modification of the 
Whiddington ultramicrometer; two similar but opposing 
pick-ups were used, so connected electrically that the move- 
ment being measured caused an increase in the frequency 
of oscillation of one electric circuit and a corresponding 
decrease in the frequency of the other. The sensitivity of 
the system was thereby doubled; at the same time, since 
both circuits are similar and similarly treated, drift was 
reduced and stability and accuracy improved.2! Several 
circuits of this type have been used; they do not differ in 
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Another such system, employing only one electron tube 
but with two frequency-responsive circuits, appears in Fig. 
17. The indicating device shown is a galvanometer, but the 
output can if desired be recorded with any suitable graphic 











instrument. Further amplification may be supplied if 
needed.22;23 The circuit design is such that the pick-up 
must embody four electrode plates, only one of which is 
connected to ground. Shielding of the pick-up is required. 

Using Fig. 10 as a basis, a circuit employing a three- 
plate pick-up with the central movable plate grounded 
can be set up; it is necessary only to place one of the two 
gage capacitances in each of the two oscillating circuits. 
It is convenient to provide small variable capacitors, in 


(21) R. Whiddington and F. A. Long. Application of the Ultra- 
micrometer to the Microbalance. Philosophical Magazine, series 6, 
Vol. 49, 1925, pages 113-121. 

(22) F. de la Chard. Application of Thermionic Valve to the 
Measurement of Physical Quantities. Journal of Scientific Instru- 
ments (London), Vol. 12, 1935, pages 191-194. 

(23) KF. de la Chard. Electrical Recording Extensometer. Engi- 
neering (London), Vol. 136, 1933, pages 699-700. 
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parallel with the gage capacitances, for adjust) 
poses. A number of circuits of this type have | 
their advantages over that of Fig. 17 are great 
construction and provision for balancing out 
component of the anode current of the electron t 
circuits are essentially tuned-plate tuned-grid 

A distinct type of circuit, unique in that it 
vantage of the coupling between two synchroniz 
ing networks, is the Schaffer circuit. In this c 
synchronizing current flowing in the coupling nety 
criterion of change.*4:25,26 Its operating princip! 
detailed description. 

If two oscillating circuits operating at exactly 
frequency and in the same phase are coupled 
ductive circuit, no current will flow through th: 
circuit. But if the frequency of one changes, the f{ 
will be a difference in phase, and current will im 
flow through the coupling circuit; if the couplin; 
this current will act to keep both circuits oscillat 
same frequency, although their natural frequencies 
be the same. The two circuits are then “locked 
each other. In this condition, the phase difference is 
ure of the difference of the tuning of the two cir 
the coupling current is proportional to this phase di 
The high-frequency current flowing through the 


circuit may be rectified, filtered, and read on a suitab! 


strument. 


In Fig. 18 is shown the basic diagram of such a c 


Ircult, 


Either a two-plate or a three-plate pick-up may be used: 


or two separate pick-ups, if the summation of their 
is desired. In this diagram, the inductive coupling 
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indicated by L; and Ly; the coupling current is re 
the rectifying tube V;, and the resulting direct cu 
measured by the indicator G. This instrument is shi 
capacitance Cs so that the impedance to the flow 
frequency current is low; the internal capacitance: 
diode V; serves the same purpose. Since the coup 
cuit is of low impedance, large currents can flow; 
be an insensitive milliammeter. The gage capacita! 
indicated as C; and Coe. The circuit is normally ope! 
a convenient radio frequency; 5 to 10 megacycles |! 
found satisfactory. Without any filtering other th: 
provided by the ordinary circuit components, good 
have been obtained on magnetic oscillographs recor 
to 2500 cycles per second; even though not all the 
frequency was filtered out, what remained was ineffe: 
operating the galvanometers, so that the rectified « 
was all that was recorded. The high carrier frequency 
possible the effective use of the circuit for recordin; 
frequency phenomena; the upper limit of usable fre: 
response may be considered to be 20 percent of the 


(24) Walter 
June 18, 1929. 

(25) F. W. Lee and G. A. Irland. Construction of Mast 
chanical Oscillator for Testing Seismic Recorder and ot! 
paratus. Bureau of Mines Technical Paper No. 518, 1932. 

(26) E. V. Potter. An Electrical Transducer Circuit f 
With Capacity Pick-up Devices, Review of Scientific Inst 
Vol. 14, 1943, pages 130-135. 


Schaffer. Amplifier. U. S. Patent No. 1 
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r the upper limit of the gage or recording de- 
ver is the lower. 
of transducing circuit is one of the most re- 
and accurate available. It employs only three 
es, and these are inexpensive radio receiving- 
it responds faithfully to phenomena whose fre- 
nge from static conditions to thousands of cycles 



















































Its demands upon the power supply are not 
excess ither in wattage or as to degree of regulation. 
It re little or no shielding and few precautions in 
instal _A practical circuit for the transducer is shown 
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in Fig. 19, and in Fig. 20 a set of curves indicating per- 
formance under typical conditions. Details of construction 
may be found in the references. 
Among the special-purpose circuits, two types in par- 
ticular merit attention. They are the absorption-type elec- 
trie gaging cireuits, and the capacitance-type altimeter. 
The operation of an absorption-type circuit depends upon 
the fact that any closed coil will absorb energy from an 
scillating circuit to which it is coupled; the amount of 
energy absorbed will depend upon the accuracy of tuning, 
and upon the closeness of coupling. The energy lost by ab- 
sorption is supplied by increase in the anode current of the 
scillating electron tube. Superficially, the absorption-type 
circuit resembles those circuits in which a change in oscil- 
ator frequency causes a change in anode current; actually 
ts action is entirely different. 

One of these absorption circuits was designed specifically 
for installation in inaccessible locations, as, for example, 
mbedded within a concrete structure.?7:?5 Its gaging ele- 
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ent is a two-plate capacitance-type pick-up, which may 


€ cast within the body of the concrete. After the concrete 
s set and has been cured, the circuit may be adjusted for 
subsequent use; thus, curing strains will not destroy the 
itility of the gaging element for sensitive measurements at 
date. This circuit is shown as Fig. 21A. It may be 
ised to measure small strains, by allowing the strain to 
: \. Floris. New Instrument Measures Stresses in Dams. 
re onstruction News, Vol. 7, 1932, pages 51-52. 

Paul Santos Rini. Experimentelle Ermittlung von Span- 
fferenzen im Innern einer gleichartigen Masse (ins beson- 
ton) und Verformungsmessungen an belasteten Baugliedern 
hochfrequenter elektrischer Wellen. Beton und Fisen, Vol. 

, pages 411-413. 


change the capacitance of the gaging element; or it may 
be used to measure movements, by allowing the movement 
to change the electromagnetic coupling between the two 
tuned circuits. 

The other basic absorption-type circuit does not employ a 
tuned resonant circuit as an absorption circuit; instead it 
uses a metallic plate, or a metallic part of the structure, 
as an absorption element. Such a metallic part, although 
not a resonant circuit, will absorb energy from the oscillat- 
ing circuit (see Fig. 21B), and the amount of energy ab- 
sorbed will vary inversely as the distance separating them. 
The change in anode current will therefore indicate the 
change in the distance separating the oscillator coil and the 
metallic absorption plate.2% 3° A high oscillation frequency 
is used, and the absorbing member may be a thin piece of 
metal foil, attached to the surface of a non-metallic mem- 
ber. The circuit is easily adapted to use as a pressure 
pick-up.31 In another form, the coil is surrounded by a split 
metallic sleeve, which acts as a capacitative element. 

The capacitance-type altimeter is another device which 
measures distance, not between two parts of the gaging 
element, but between the gaging element and some other ob- 
ject. In this case, the measurement is of the distance 
separating an aircraft from the ground beneath it. An 
extremely sensitive circuit is required; such a circuit is 
shown in Fig. 22. The two differentially-wound inductors, 
R-F 
Ose. 
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L, and Le, are tuned to resonance by the capacitances 
C, and Ceo; when they are so tuned no potential is induced 
across Lg. The capacitance between the pick-up and the 
earth appears in parallel with Ce. The effect of this capaci- 
tance is to detune the circuit, so that a voltage is induced 
in Lg. This voltage is measured by the vacuum-tube volt- 
meter. The circuit is excited by a radio-frequency oscilla- 
tor. 32,33, 34 

The circuits which have been described thus far are not 
well suited for multi-channel operation, which is a disad- 
vantage because the need for simultaneous multi-point 
recording grows constantly. The circuits which will now be 
described are applicable to multi-channel installations. They 
do not employ the gaging element as part of a frequency- 
responsive network in an oscillating electrical circuit, nor 
do they depend upon critical coupling values. Instead, the 
gaging element is made an impedance element in a circuit 
which is excited by some constant frequency. Since only 
one exciting frequency is present, no matter how many 
measuring channels are in operation, interaction between 
circuits is less likely than in the circuits in which variable 
and varying carrier frequencies are used. 

(29) H. A. Thomas. 
Motions of Solid Bodies. 
pages 138-140. 

(30) E. B. Moullin. Report on the Thon 
Bridge Stress Committee, His Majesty’s 
Appendix G; pages 193-198. 

(31) W. Marti. Registrierung schneller 
ische Bauzeitung, Vol. 104, 1934, page 160. 

(32) L. A. Hyland. True Altitude Meters. 
1928, pages 1322-1323, 1356, 1358, 1360, 1362. 
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(33) Ross Gunn. Device for Indicating Small Changes in C 
pacity. U. S. Patent No. 1,701,975. Feb. 12, 1929. 
(34) G. Falkenberg. Ein Differentalschaltung zur Messung 


Kapazitaten und Selbstinduktionen mit einer Empfindlichkeit von 
2x 10-8. Annalen der Physik, Vol. 61, 1920, pages 167-172. 





May 1944—Instruments—Page 261 




































In these circuits, some exciting current or voltage must 
be used. This exciting voltage may be either direct or alter- 
nating. Each has its advantages. In many respects, d-c. ex- 
citation is more satisfactory than a.c. for high-frequency 
measurements; however, a.c. can be used, and for the low- 
est frequencies must be. 

The “condenser-microphone circuit” is representative of 
those employing d-c. excitation, The capacitor microphone 
is a two-plate pressure pick-up having sensitivity sufficient 
to measure acoustic pressure waves, and responsive to fre- 
quencies as high as 10,000 cycles per second. The elemen- 
tary circuit used with the device is shown in Fig. 23. In this 
circuit the output voltage, V, can be computed from the 
relation 

V=E (2/xo) sin(27t + ¢) 

where E represents the exciting voltage, and the other terms 
represent the change in capacitance caused by a sinusoidal 
pressure wave.*5 It is assumed that the charging resistor 
R is large compared to the impedance of the pick-up. Since 
the impedance (the capacitative reactance) of a capacitor 
increases as the frequency involved decreases, the lower 
limit of frequency response is dictated by the value of R. 
Values of R greater than about 20 megohms are difficult to 
maintain in practice, so that for recording extremely low 
frequencies other systems are ordinarily employed. 

This simple d-c. excited circuit has been widely used for 
frequencies ranging from 50 to about 8,000 cycles per sec- 
ond. Its most serious limitations, within this range, are due 
to the effects of the connecting cable. If this cable is long, 
its capacitance, shunting that of the pick-up, causes a uni- 
form reduction in sensitivity. Insulation leakage, however, 


+ 


causes a loss in sensitivity which is greater for the low 
than for the high frequencies. Vibration and other mechan- 
ical phenomena may cause the cable itself to act as a pick- 
up. Capacitance-type gaging systems operating on this prin- 
ciple are easily applied as engine indicators; the lack of 
extremely low frequency response may even be an advan- 
tage since it eliminates drift from the recorded output. 
Where short cables can be used, such pick-ups are effec- 
tively used.?6 They have also been used to good effect to 
measure and record the action of the injector valves of 
Diesel motors;?7 the record thus produced was arranged to 
show the variation of volume of fuel injected against time. 
The capacitor microphone has been used to measure noise 
levels in motors38 and for many other applications. 

A modification of the basic circuit which will greatly re- 
duce these errors (at the cost of some sensitivity) appears 
in Fig. 24, Capacitance C’ should be small for good correc- 
tion, but if too small will reduce the sensitivity to the 
point where it will be difficult to provide sufficient ampli- 
fication. °9 

Other circuits based on this principle have also been used. 
In these circuits, the three-plate pick-up offers little advan- 
tage over the two-plate type. 

The simplest of the a-c. excited circuits is shown in Fig. 


A Condenser Transmitter as a Uniformly 


(35) E. C. Wente. 
Sensitive Instrument for Absolute Measurement of Sound Intens- 
ity. Physical Review, Vol. 10, 1917, pages 39-63. 


(36) G. N. Copley. Cathode-ray Oscillograph Indicator. Indus- 
trial Chemist, Vol. 18, 1942, pages 89 to 92. 

(37) C. R. Maxwell and K. M. Brown. Instrumentation for 
Developing and Testing Diesel Engines. Transactions of the Amer- 
ican Society of Mechanical Engineers, Vol. 64, 1942, pages 351-361. 

(38) J. H. Hunt and G. F. Embshoff. Some New Electrical In- 
struments for Automotive Research. Journal of the Society of 
Automotive Engineers, Vol. 16, 1925, pages 444-455. 

(39) F. D. Smith. Basic Principles in the Design of Cathode- 
ray Oscillograph Engine Indicators. Proceedings of the Institute 
of Mechanical Engineers, Vol. 143, 1940, pages 48-56. 
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OUTLINE OF “ELECTRIC GAGING MET! 


Part One—Principles of Operation. 
Chapter I. Introduction. 
Chapter General Principles. 
Chapter Capacitance-type Gages. 
Chapter Inductance-type Gages. 
Chapter Resistance-type Gages. 
Chapter Miscellaneous Types of G 


Part Two—Auxiliary Circuits and Recording | 
Chapter VII. Indicators and Recorders 
Chapter VIII. Power-supply Equipment 
Chapter IX. Computing Devices. 


Part Three—Operating Techniques. 
Chapter X. Methods of Application. 
Chapter XI. Calibrating Methods. 
Chapter XII. Errors in Actual Use. 


Individuals, companies and institutions having inf 
tion on little-known methods, or on novel and 
applications of well-known methods, are invited t 
municate directly with the author: H. C. Rober 
Talbot Laboratory, Urbana, Illinois. 








25. This device has been applied in multi-chann 
tions in industrial locations.49 A radio-frequency 
is closely coupled into a circuit which is tuned to n 
frequency of the oscillator. The circulating curr 
circuit then depends upon the voltage induced in t 
the tuning, and the circuit constants. This circu 








/ 
¢ 
ee 
CAPACITANCE 
rent is measured with the radio-frequency amn 
In such a circuit, the current flowing may be 
from this formula: 


fon £ 


R? + (2nfL - +) |" 
: ( wf ie) 
where / represents current in amperes, EF potential 
R resistance in ohms, C capacitance in farads, L i1 
in henries, and f the frequency of excitation in cy 
second. The applied voltage is that induced across t 
ductor, and is constant. The circulating current the: 
with the gage capacitance in the manner plotted in 
The steep, essentially linear portion of this curve 
the operating range. By increasing the ratio of in 
to ohmic resistance (the Q) of the coil, the resonan 
may be made steeper and higher; increasing the rat 
has the same effect. If a coil having a Q of 100 is e1 
it is not difficult to provide a pointer indication a 
times as great as the movement at the gage head. | 
sensitivity for small movements is secured by operat 
the straight part of the resonance curve. If larg: 
ments are to be measured, non-linearity may occu! 
gaging element (see Fig. 2A) but may be compensat 
operating on the oppositely curved portion of the re: 
curve. Satisfactory operation of this circuit depends 
cipally upon its design; it is necessary that the pro} 
ratio be selected, that the ohmic resistance of the 
remain constant, and that the exciting oscillator m: 
constant output. 

Gaging devices operating on this principle have bee! 
as multi-point station-type comparators, for measur! 
thicknesses of moving webs, and for other applicatio1 





(40) H. Olken. Industrial Process Control. EHlectronics 


1931, pages 144-145, 172. 
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e most satisfactory circuits have been those in 





Some 
an aging element is made an impedance element 
n a Dri reuit. Such a circuit, if it is balanced to zero 
utput f 1e static condition, can provide for reasonable 
Hegrees nbalance output voltage proportional to ca- 
pacity che ge. The output of the bridge is amplified and 
ecorded a graphic instrument, or indicated upon a 
yointer-t indicating instrument. 

Of the several types of capacitance bridge circuits in 
ommon use, the Schering circuit is the most desirable for 
recise surement of small capacitances; it is therefore 
rest adapt-d for use with capacitance-type gages. The cir- 
yit has been used with good results for measuring small 
chanical movements and for recording cutting pressures 
f mac! tools.41 The circuit, shown in Fig. 27, is a form 
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{ Schering bridge; its output is applied to the control grid 
of an electron tube amplifier. If the bias voltage is properly 
selected, the variations in anode current of the tube are 
proportional to the changes in capacitance of the gaging 
element. Since both resistance and capacitance balances are 
possible, cable capacitance and cable leakage can both be 
compensated to some extent. The circuit can be excited by 
any desired frequency; therefore if radio-frequency excita- 
tion is used, the circuit can follow the most rapidly chang- 
ing mechanical magnitudes. 

A circuit in which the two variable capacitances of a 
three-plate push-pull pick-up comprise two arms of a bridge 
circuit is diagrammed in Fig. 28. In this cireuit the other 
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Fig. 28 —__+_ 
arms of the bridge circuit are fixed resistances; in a modi- 


fication of the circuit the other two arms are the impedances 
of the two halves of a center-tapped transformer which 
supplies the alternating-current excitation. 42, 43, 44 Circuits 
f this type are exceptionally stable, by reason of their bal- 
anced design, and in them compensation can be provided 
for the effects of temperature, age, and other sources of 
drift. Since they incorporate electronic amplification, they 
can record their data on an oscillograph or indicate it on a 
suitable indicating instrument. Such an installation has 
been used to measure and to record continuously the diam- 
eter of silk thread.*5 The basic circuit was similar to that 
shown in Fig, 28. A two-plate pick-up was used; since the 
atmospherie conditions were controlled, and since the range 
of measurement was small, the advantages of the three- 
plate type were negligible. The balanced circuit was found 
extremely reliable. The output of the circuit was applied 


(41) A. Schulz and G. Zickner. Selbstaetiges Aufzeichnen von 
Arbe rgaengen. Zeitschrift Verein deutsche Ingenieure, Vol 
4, 1930, pages 1359-1362. 

(42) S. Reisch. Ueber eine neue elektrische Enrichtung zur 
Mess Kleiner Verscheibungen. Zeitschrift fuer Hochfrequenz- 

B echnik. Vol. 38, 1931, pages 101-111. 
(4 . Reisch. Ueber ein neues Galvanometerrelais. Zeitschrift 
fuer inische Physik, Vol. 12, 1931, pages 541-549. 
_ \44) ©. W. Fieber, Elektrischer Indikator fuer schnellaufende 
Brent ftmaschinen. Zeitschrift Verein deutsche Ingenieure, Vo! 
9, pages 1368-1369, 
(4 » Hugo Schuck. Electrical Measurement of Silk Thread 


Electrical Engineering, Vol. 55, 1936, pages 991-996. 


to an indicator, to a recorder directly and through an in- 
tegrating device, and even to thyratron control devices. 
In order to eliminate the errors caused by cable capaci- 
tance, circuits have been designed in which this capacitance 
is made a part of the bridge circuit. By the use of three- 
conductor concentric cable and the circuit of Fig. 29, ex- 
cited by a 100-ke. carrier frequency, the effects of shock 
and vibration on the cable, and loss of sensitivity due to its 
shunting effects are reduced to negligible magnitudes. *® In 
this circuit, Cy; and C2 are known capacitances installed in- 
side the case of the instrument, Re is a phase-correcting 
resistance, R; a sensitivity control, C3 the capacitance be- 
tween the central conductor of the cable and its surround- 
ing internal shield, and C4 the capacitance between this 
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Fig. 29 
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and the outer shield, which is connected to the common 
ground. The output of the bridge circuit is amplified and 
recorded; it can give good results from the lowest fre- 
quencies up to the upper limit of response of the magnetic 
oscillograph or up to about 20% of the excitation frequency, 
whichever is lower. The balancing procedure allows satis- 
factory use of quite long cables. 

Another and more recent circuit which also provides for 
balancing out the cable capacitance but can be set up with 
ordinary shielded cable, is shown in Fig. 30. It is a parallel 
bridged-T circuit, and requires that the two inductors L; 
and L» be built within the pick-up itself. The capacitance 
of the gaging element is represented by C. The stray ca- 
pacitance of the cable and its circuit is indicated by Co, 
and Lg is an inductance introduced to resonate with this 
stray capacitance. Resistances 71, 72 and rz are the ohmic 
resistances of the inductances. If the circuit is balanced 
initially for the 5-megacycle carrier frequency, any changes 
then occurring in the capacitance C will modulate the car- 
rier frequency and this amplitude-modulated wave can be 
recorded. A complete analysis of the circuit indicates its 
satisfactory characteristics for recording pressures from 
static conditions up to frequencies comparable to the me- 
chanical resonant frequency of the metal diaphragm of the 
pick-up.47 The output may be integrated or differentiated 
if desired. Although originally designed as an engine indi- 
ator, it can be applied to any other use in which the phe 
nomenon being observed can be made to appear as a change 
in a known capacitance. 

The capacitance-type gaging element has been applied in 
circuits in which it serves merely as a valve to control the 
amount of energy applied to the input of an amplifier.+%: #% 
Such a circuit, although requiring more equipment per gag- 
ing circuit than most others, can be given great sensitivity 
and large output simply by adding amplification. 

A special type of three-plate pick-up, in which one pair 
of plates serves to compensate errors from atmospheric 
changes while the other pair performs the measurement, 
has been used as a measuring and control device.5° In the 
(46) S. E. Goodal and R. B. Smith. Instantanes Fluid-pres- 
sure Recording Equipment. Engineering (London), Vol. 148, 1939 
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(47) Louis C. Roess. A Condenser-type High-speed Engine In- 
licator. Review of Scientific Instruments, Vol. 11, 1949, pages 
$3-195 

(48) T. Baldwin. Communication on C.R.O. Engine Indicators 
> eedinas f th Institute of Mechanical Engineers, Vol. 14 
19 ges 282-284 

’ 7 o Fromr Detecting Small Mechanical Move- 

nts. J ynics, Vol. 16, 1943, pages 104-10 

(5 H. L. Hazen. Electrical Water-level Control and Recording 
quis nt r Model of Cape Cod Canal Electrical Engineering 
Vol. 56, 1937, pages 237-244. 
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application described, the liquid surface whose level is to 
be measured serves as one plate of the pick-up. Absence of 
a vertically-guided float does away with the commonest me- 
chanical source of error, namely, friction or “stiction.” The 
auxiliary electric circuits used with the device can record 
the liquid level, or both record and control it. Fig. 31 indi- 
cates the basic scheme of the measuring head. In the prac- 
tical set-up, the amplifying electron tube shown in the dia- 
gram was placed within the pick-up head itself. Excitation 
was from the 60-cycle line current. 

Attempts have been made to utilize the variations in ¢ca- 
pacitance of a gaging element to modulate the frequency of 
an oscillator circuit and later to analyze this frequency- 
modulated carrier with a discriminator circuit. As yet, cir- 
cuits of this type have not proved very satisfactory for gen- 
eral applications, although some excellent work has been 
done in specialized fields.*! 
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On the other hand, notable success has been achieved in 
the development of practical telemetering systems embody- 
ing in the transmitter a variable-capacitance pick-up which 
alters the frequency of its associated oscillator according 
to the indications of a manometer, thermometer or other 
instrument; the receiver being a frequency meter of suit- 
able type and range. The pick-up may be of the variable- 
area or variable-distance type, depending upon the nature 
of the primary instrument, and it may be made small, 
light and mechanically-balanced so as to impose no drag on 
the primary instrument’s pointer or other moving part. (In 
some instruments the pointer needs but a slight modifica- 
tion to carry a featherweight capacitor plate.) The advan- 
tages and limitations of the circuits used in such systems 
are summarized in a discussion5? by Borden and Behar, 
from which the following is quoted: 

“The transmission of definitely varied frequencies over 
an electrical circuit is attended with certain engineering 
difficulties . . . Effects of inductance and capacitance are 
definitely related to frequency, and any problems of filter- 

ig or balancing essential to the joint use of a circuit for 
communication and telemetering become involved when 
varying frequencies are used. Since these effects are great- 
est at high frequencies, transmission in the radio band is 
often impracticable . . . These facts, coupled with the in- 
terference which would obviously be created in the use of 
a wide band, limit the use of radio frequencies in the prac- 
tice of telemetering. Utilization of frequencies in the voice 
band would prevent the use of the transmitting circuits for 
simultaneous telephony and would be likely to introduce 
cross-talk troubles in neighboring telephone circuits. With 
these restrictions the use of varied frequencies for teleme- 
(51) Charles Sheer and John G. Lynn. Electronics in the Study 
of Head Injuries. Electronics, Vol. 17, 1944, pages 112-117, 338. 

(52) Perry A. Borden and M. F. Behar. Frequency Class Tele- 
metering Systems. Instruments, Vol. 8, Nov. 1935, pages 293-296. 
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tering purposes has seldom until recently fou 
application beyond the power frequency band 
or fewer cycles per second.” 

Fig, 31A is a block diagram®? of a telemet 
brought out in 1929 by the General Electric ( 
vides also for totalizing and for telemeterinog 
different magnitudes over a single circuit. A 
mercial telemetering system employing a varia! 
positioned by the primary measuring instru 
Pittsburgh Equitable Meter Co.’s “Telemco” 
nounced in 1935 which employs a frequency ra: 
60 cycles per second, the upper limit serving as ; 
check point in nearly all regions of the United 

For telemetering by radio, instrument-actuate: 
changing variable capacitors are particularly suit 
have been used in various radio-telemetering 
cluding measurements of upper-atmosphere c 
radiosondes, measurements of river stages for hy 
and flood-warning services, etc. 

In another system of this type, the Pioneer “‘T 
aircraft compass, the indication of a magnetic 
transmitted to a small indicator placed at any 
location. 

Capacity-actuated devices for process control 
use. They are hardly gaging methods, since the) 
function simply as on-off switching devices, sti: 
the presence of some conducting body. These 
usually of the capacity-relay type, or the gr 
tube or the floating-grid relay.55 They are used 
indicators, in follow-up mechanisms, and for proc: 
for example, to turn on some mechanism wher 
to be treated approaches.5® In these applicatio1 
be used in circumstances in which photoelectri: 
devices will not function. 


SENSITIVENESS, SENSITIVITY, ETc. 


The term sensitiveness will be used here to r 
magnification afforded by an entire gaging systen 
sensitiveness of a gaging system necessarily de} 
the characteristics of the indicating or recordi 
ment, of the pick-up, of the circuit, etc. 

The sensitivity (strictly, the “ultimate sensit 
an indicating or recording instrument is the small 
in the measured magnitude (current, frequency, et 
can be detected with that instrument. Sensitivity 
function of the time required for its response to a 
stimulus; it is that response. For static indicat 
indications of slow changes, an instrument requ 
current can be used to measure the output of t! 
circuit. Instruments recording at higher rates 
higher frequency response—require more current 
actuation. The sensitiveness of the entire gagi 
therefore depends quite as much upon the curre! 
age sensitivity of the indicating instrument as 
other factor. The same system can in fact be 
static and for dynamic measurements; its sensitiv 
be many times as great for static as for dynamic 
ments, because a more sensitive indicator can b¢ 

The portion of a capacitance-type pick-up whic! 
a mechanical change into an electrical change is t! 
element. The sensitivity of the capacitative gagin 
(not “ultimate sensitivity” but what is sometil 
“range,” “sensibility,” ete.) is a function of the 
change in its capacitance for the smallest magni 
measured. This intrinsic sensitivity may be inc 
decreasing the electrode spacing. (See Fig. 2( 
sensitivity increases, however, the distortion incr¢ 
wise. If the movement is small’ compared to th« 
spacing, the distortion will be negligible; if this 1 
is large, the electrode spacing must be made larg: 


(53) D. D. Knowles. The Theory of the Grid-glow T 
trical Journal, Vol. 27, 1930, pages 232-236. 

(54) R. W. Carson. Grid-glow Micrometer. American 4 
Vol. 75, 1931, page 407. 

(55) E. H. Rayner. Some Simple Experiments with 
Valves. Engineering, Vol. 121, 1926, pages 603-604. 

(56) R. A. Powers. Tubes Help Make Automobiles. E/ 


Vol. 9, June 1936, pages 22-24, 55. 
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of the plates does not increase the intrinsic 
f the pick-up, but if the connecting cable has 
comparable to that of the pick-up, an increase 
itance of the pick-up will increase the percent 
capacitance of the entire system for a given 
age capacitance, and therefore the sensitivity. 
tiveness of a circuit of the Whiddington type 
the frequency of oscillation is increased. Since 
neies are compared, and their interference fre- 
ade the criterion of measurement, and since the 
the variable frequency occurs as a percentage, 
is that the arithmetical difference—the inter- 
quency—will be made larger as the oscillation 
s made higher. 

circuits in which the resonant increase in cur- 
ltage in an electric circuit is the criterion of 
nt, the sensitivity depends on the shape of the 
»esonance curve. The slope of the straight sides of the curve 
rimarily upon the L/C ratio of the oscillating 

1 the Q of the inductor used. 
tems employing electronic amplifiers to increase the 
‘the gage circuit can obviously attain any desired 

sensitivity simply by increasing the amplification 
i. The limiting factor in the amplification is reached 
when the noise (the random electrical disturbances in the 
first stages of the amplifier) ceases to be a negligible pro- 
‘f the output. It always is desirable to provide as 
possible an output from the pick-up; in this manner 
the signal-to-noise ratio is kept high. 

The sensitivity of capacitative gaging systems is high; 
with such circuits it has been found possible to detect move- 
ments of only a few billionths of an inch. Few applications 
require this degree of sensitivity! 
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STABILITY 

The stability of gaging systems depends primarily upon 
their design and construction. Since stability and accuracy 
are closely related, it is important to exercise great care in 
the design and installation of these systems. 

Instability may be defined as the occurrence in the output 
f indications not representing actual changes in the mag- 
being measured. It differs from hysteresis, from 
variance, and from creep, in that it may originate either 
n a mechanical element or in an electric circuit, and its 
esence does not in any manner depend on any change in 
the phenomenon being measured or on the extent of such 
change. It may be a change in a magnitude, in a condition, 
i frequency. The presence of instability does not neces- 
mean that error is also present, but in general in- 
stability and error are companions. Zero drift—change in 
zero with time or temperature—is a form of instability; if 
its presence is noted and the proper precautions taken, no 
error will result. If the calibration of the system is accu- 
rately linear and if differences only are measured, no error 
will result even if the zero is not checked. Often, however, 
temperature changes produce simultaneous changes in zero 
setting and sensitiveness. In electric gaging systems, tem- 
perature drift is a troublesome type of instability. 

A change in the capacitance of the gaging element will 
cause the same change in the output of the electric circuit 


ude 


rin 


sarily 


whether it is produced by the phenomenon being studied or 
by some other. Thermal expansion of the specimen will 
change its length; this increase in length is an actual 


strain, although it is not accompanied by stress (unless the 
movement of the specimen is restricted). If the strain gage 
has the same temperature coefficient of linear expansion as 
ecimen and is allowed to expand with it, no strain 
will be indicated. But if the movement of the specimen is 
wholly or partially restricted, while the gage can act, the 
\l then indicate a strain. Such an indication may be 
spurious; or, if the specimen is rigidly restrained, 
ated strain will be accurately proportional to the 
temperature stress existing in the specimen. This second 
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_condit'on obtains when the gage and the specimen have the 






efficient of expansion, while the specimen is re- 
i; under these conditions no actual strain can occur. 
tudy of the construction of an actual gaging device, as in 
will make these statements clear. 





It seldom is possible to construct a pick-up which will 
suffer no change in capacitance with change in temperature 
but by selection of suitable materials and by proper design 
the change can be made small. It is necessary to consider 
changes in linear dimension and changes in the specific 
inductive capacity of the dielectric, changes in area of 
electrodes as well as changes in their spacing. There are 
two general methods of attacking the problem: one is to 
construct a pick-up which is as nearly as possible unaffected 
by temperature changes; the other is to construct a pick-up 
which has the same temperature characteristic as the ma- 
terial upon which it is to be used. The requirements of the 
proposed application determine which of these should be 
used. 
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Fig. 33. 


Push-pull Capacitance-type Strain Gage 


As an example of a device which is almost unaffected by 
temperature changes, consider the pressure pick-up of Fig. 
3. It is constructed of materials each having a moderate 
temperature coefficient of expansion, but the proportions of 
the various parts and the manner of their assembly are such 
as to cause the various changes in dimension to cancel out. 
The actual capacitance of this pick-up varies less than 2% 
over the range from 70°F. to 240°F. Its calibration is there- 
fore affected by temperature to a degree no greater than 
this, no matter what the use of the gage; this of course 
assumes that the elastic constants of the metallic diaphragm 
are not altered by the temperature changé.57 In use, the 
pick-up is applied to the measurement of changes in pres- 
sure, rather than of pressures, and is used normally in 
conjunction with an electric circuit which does not respond 
to the very slow variations of the zero point. The operating 
error from temperature change, therefore, can be smalle? 
than the actual change in gage capacitance. 

Fig. 33 is a photograph of a strain gage designed in 
accordance with the second method mentioned above. The 

(Continued on page 284) 


(57) Theodore Theodorsen. Investigation 
Pressure Cell. National Advisory 
port No. 888, 18 pages. 


of the Diaphragm-type 
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Ordnance Production Gaging 


By Major R. A. BOWMAN, In Charge Gage Laboratory, Pittsburgh Ordnance District, U. S. Army 


CHAPTER XI 

THE GAGE LABORATORY—ITS PERSONNEL 

The ideal in a gage laboratory organization requires that 
all personnel who inspect gages be “qualified gage check- 
ers.” A “qualified gage checker” understands generally the 
manufacture of a gage and is capable of building the 
necessary setup for the inspection including: 

Mathematical calculations; 

Inspection of the gage for surface finish, cracks, ‘“check- 
ing,” hardness, size and functionability of parts; 

Whether the gage is slightly out of tolerance (it may 
still be within the wear allowance, or it may be incorrect 


certain personnel who do nothing but inspect 
supermicrometer or comparator, others who w 
the surface plate or optical comparator, others w! 
visual inspection for finish, etc. Usually, it is } 
to break down the inspection functions on a parti 
that is, have one person check the O.D., anoth« 
etc., since the dimensions on any gage are all i 
More advanced personnel may be employed 
setups and making mathematical calculations for 
working on surface plate or optical comparator. 
A permanent record should be maintained of 
complicated setups since the problems involved, 
problems, will recur. More advanced gage che 


A series of photographs, useful for training purposes, recording the set-up and inspection of a profile 
gage. (1) Squaring up; (2) Measuring distance of center of standard to end of tangent of arc; (3) Mastering 


the indicator; (4) Indicating the profile. 


in a dimension representing a large factor of safety as in 
the 40% concentricity rule and still pass only acceptable 
material) ; 

The determination from an examination of the gage 
drawing and the component drawings of the mating parts 
whether or not the gage may. be put back on the inspec- 
tion line. 

These qualifications may, perhaps, seem broad, but they 
are all required to make intelligent decisions as to whether 
or not a particular gage will pass acceptable material and 
reject that which is not acceptable. Certainly in a one-man 
laboratory, a “qualified gage checker” is required. 

Obviously, at the present time, it is well-nigh impossible 
to find personnel with such capabilities. If the inspection 
load warrants several persons in the laboratory, gage 
inspection may be adequately performed with only one fully 
qualified gage checker. This is possible by breaking down 
the inspection problem into the several functions previously 
mentioned and training less qualified personnel to specialize 
in these functions. 

For example, personnel may be trained to perform 
merely the routine inspection functions, having been pro- 
vided with information as to the particular dimensions to 
be checked. As a matter of fact, even the inspection func- 
tion may be broken down if the load warrants, by employing 
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usually maintain their own notebooks, but a per 
record may also be maintained by taking photogr: 
the setups. This will usually be found less expensi\ 

The most important function is, of course, to de 
whether the gage is satisfactory for the inspection « 
The person or persons responsible for these decisio 
coordinate all information collected and interpret 
terms of acceptability or rejection of the gage 
person must be a qualified gage checker. 

It is perfectly possible under these conditions f: 
as two such qualified gage checkers to direct the sur 
of a million-dollar or a million-and-a-half-doll: 
program. 

It may seem from the foregoing that the origi! 
ment, “the ideal in a gage laboratory organization 
that all personnel who inspect gages be qualifi 
checkers” is inconsistent in that less skilled perso: 
be used for the gage inspection jobs. Economical 
is little difference in cost whether less experi 
“qualified gage checkers” are used. Not only can 


manent 


aphs of 


termine 


f parts 


ns must 


this 


Such a 


fied gage checker turn out considerably more dolla 
of gages, but he is also more versatile in the jobs 


he may do. An experienced gage checker can saf 


short cuts that less experienced personnel cannot 2 
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All-Purpose Pocket Size Volt-Ohm-Milliammeter 


A new modernistic styled, compact unit that provides an answer to 
all Volt-Ohm-Milliammeter requirements. Incorporates all the 
testing facilities of larger, more costly equipment. A.C. and D.C. 
Volts 0-2.5-10-50-250-1000-5000 (D.C. at 10,000 ohms per 
volt; A.C. 1000 ohms per volt); 0-.1-1-10-100-1000 D.C. Milliam- 














th ceaeenpe peres, at 100 millivolts; 0-10 D.C. amperes at 100 millivolts; 

—e ” Resistance 0-400 Ohms (10 ohm center scale); 0-40,000 ohms : 
etal (500 ohms center scale) 0-4 Megohms (50,000 ohm center scale). Battery slides into place, 
ion of parts Self contained batteries. Selector switch control for all ranges. Easily inserted or removed. 
satons mudi Completely insulated black molded case and panel, attractive 

pret this in streamlined design. (Leather carrying case also available to hold 





ge. Such a tester and accessories.) 


The Triplett Line—more comprehensive than ever—goes to- 
day for war needs but its exacting services in war assure 
you the final answer for post-war equipment requirements. 
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ELECTRON TUBES—Their Principles and 
Their Instrumentation Applications 


By ANDREW W. KRAMER, Managing Editor, Power Plant Engineering, Chicago, III. 


CHAPTER XV 
PRINCIPLES OF THE PHOTOTUBE 

The tubes which have been considered so far can all be 
classified as serving one or more of three general purposes: 
they can be used as rectifiers, as amplifiers (or relays) or as 
oscillators, that is, as generators of alternating currents of 
any frequency. In the latter role they serve fundamentally 
as converters of direct current into alternating current. 

All tubes considered, furthermore, are of the thermionic 
type, that is, a supply of electrons is produced by heating 
the cathode to a high temperature (above red heat). As will 
be shown later, there are other types of tubes also useful 
as rectifiers and as relays which do not depend upon a hot 
cathode for a supply of free electrons; these are known as 
cold-cathode tubes and form a separate classification. Before 
these are described, however, we shall consider another type 
of tube which is useful in industrial applications and which 


POSTIVELY CHARGED 
PLATE 


SURFACE FROM WHICH 
ELECTRONS ARE EMITTED OF 
THE ACTION OF 
LIGHT. 


ANODE. USUALLY IN THE FORM OF 
A CYLINDRICAL ROO. 


Fig. 101. Diagrams showing the difference between the thermionic 
diode and the phototube. The thermionic tube is shown above; 
here the electrons are ‘“‘evaporated’’ out of the cathode by heat. 
In the phototube, shown below, the electrons are emitted from the 
cathode surface by the action of light. 


usually operates in conjunction with the types of tubes 
already considered. This is the photoelectric tube or the 
phototube as it is generally called. 

The phototube, as its name implies, depends for its oper- 
ation on the action of light or radiant energy. In the public 
mind, it is one of the wonders of the present age and popu- 
larly it has become known as the “electric eye,” but this 
term is inaccurate because the phototube is simply a device 
which controls an electric current by the action of light. 
It is marvelously sensitive, however, and can be used as 
readily to measure the intensity and the quality of light 
from a distant star as it can measure the density of smoke 
in a Diesel-engine exhaust or in a steam power plant stack. 
In many applications it is used merely as a relay—to open 
or close an electric circuit by the incidence or interruption 
of a beam of light; in others it is used to modulate an elec- 
tric current in exact accordance with minute variations in 
light intensity. In still other instruments, it is used to 
analyze colors. Its speed of action is almost inconceivable 
and it can follow variations in light intensity of millions 
of cycles per second without the slightest difficulty. It is 
the device that makes television possible. 

Notwithstanding its amazing capabilities, the operation 
of the phototube is no more difficult to understand than that 
of the simplest thermionic tube, the diode. The only differ- 
ence is in the way the electrons are emitted from the 
cathode, but in that we encounter one of the strangest 
things in modern physics. For here we encounter a funda- 
mental interaction between light and matter—a phenomenon 
which has occupied some of the keenest minds of science 
for over half a century and which has led to startling 
changes in our whole understanding of Nature. These mat- 
ters need not concern us here, however, but we shall discuss 
them later. At present we will concern ourselves only with 
the simple principles of the phototube’s operation. 
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As stated, the only difference between the 
diode and the phototube is in the way electrons :; 
from the cathode. In the thermionic tube, the el: 
emitted by heating the cathode so that the ek 
virtually “boiled” out of the metal in much the 
that molecules of water are boiled out of the su 
vessel of water. In the phototube, however, the 
not heated and the electrons are emitted by 
of light. 

It has been found that electrons are emitted f) 
in other ways than by heating. One of these, 
recalled, was discussed in the preceding chapte 
principle of secondary emission was considered 
phenomenon, electrons are “knocked” out of th: 
the impact of high-speed electrons traveling 
cathode. 








4 
SUC Urs 
Fig. 102. The phototube circuit. Here a battery is con 
series with a resistor and a microammeter between cath: 
anode. The current in the circuit develops an e.m.f. a 
resistor which can be applied to the grid of an amplif 
if desired. 


Electrons can also be “knocked out” of subst 
impinging x-rays or ultraviolet rays and by ordina 
light rays. In the x-ray tube, high-speed electrons 
on the target produce x-rays. This process, curious!) 
is reversible; when a beam of x-rays is directed at 
surface, electrons are emitted from that surfa 
x-rays are a form of electromagnetic radiation, 
from light only in terms of frequency, it is concei\ 
ordinary light might under favorable conditions 
same effect. 
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Fig. 103. Current-light intensity characteristic of a high-va 
phototube. 


And this, actually, is the case: many materials 
electrons under the influence of light. Copper, zin: 
inum, barium, potassium and caesium all react to 


this manner but not all in the same degree. Some materials 


emit electrons in this way much more easily tha 
and these are the substances used in phototubes. 

A phototube, therefore, can be made by mounti! 
evacuated tube an‘ electrode which gives a large « 
of electrons in the presence of light and another « 
to collect the electrons. The photosensitive elect 
called the cathode and the collector is called the ano: 
photosensitive material,may be deposited on a curve 
plate as shown, in Fig. 101 or, as is frequently « 
present-day tubes, it may be deposited in the for 
thin layer on the inner wall of the glass tube. Whe: 
in the latter form, a portion of the glass surface 
clear so that light can reach the inside walls of th: 
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: cha This glow discharge, if permitted, rapidly destroys 


y is connected to the electrodes of such a de- 
+ the photosensitive element is negative and the 
nt positive, practically no current will flow 
evacuated space if there is no light falling on 
If light is allowed to fall on the cathode, how- 
ns will be emitted from its surface and, under 
e of the potential existing between the electrodes, 
n to the anode. Thus, a small current will flow 
uit and this current is nearly proportional to 
al t of light falling on the sensitive surface. Con- 
‘if a graph is made to show the relation between 
1 current and the incident light, the resulting 
be nearly a straight line as shown in Fig. 103. 
The rent delivered by a phototube of this type (or 
‘ phototube for that matter) is very small, usually 
only a fw microamperes. The curve shown in Fig. 103 gives 
, teristic of the PJ-22 (G.E.) tube and, as will be 
seen, the maximum current is ten microamperes. As a con- 
sequence, such tubes must be used in conjunction with other 
amplifier tubes. 


the cha 





An example of such a combination is shown in Fig. 104 
which is a diagram of a circuit used to measure light values 
by means of the phototube. In this circuit the voltage de- 
veloped across the resistor R,, due to the current in the 
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Fig. 104, Circuit diagram for measurement of variable light values 


with a phototube. Resistor R; may have a value of 2 to 10 
megohms. 

















Fig. 105. Circuit and tube to illus- 
trate the effect of ‘‘mean-free-path’’ 
nN gases 
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phototube circuit, is delivered to the grid of the triode V7}. 
This causes the current in the triode plate circuit to vary 
in direct proportion to the emission in the phototube, which 

f course depends upon the amount of light falling on the 
tube. The current in the triode plate circuit is read on the 
milliameter in that circuit. 

Ordinarily, in this type of phototube, a potential of 15 
to 25 volts on the anode is suffifficient to attract the eelctrons 
emitted; increasing this voltage above this value causes 
little or no inerease in current. This is due to the fact that 
the number of electrons emitted is always so small that a 
— ‘ely low potential suffices to attract all of them to 
the anode, 

The current through the tube can, however, be increased 
by introducing a small amount of low-pressure inert gas 
into the tube. Such a tube is called a gas-filled tube, to 


| differentiate it from the “vacuum” tube we have been con- 


sidring. Thus, as in the case of thermionic tubes, there are 
two ceneral classes of phototubes: high-vacuum or simply 
F vacuum tubes and gas-filled tubes. And, as in the case of 
: ther ionie tubes, the introduction of gas into the tube 
_ rine. about an inerease in current through ionization of 
the molecules. This increases the original current by 
as ‘h as ten times. The amount of ionization increases 
rap as the anode voltage is increased until a point is 


reacoed at which the discharge breaks into a glow dis- 





the tube, so in practice it always is necessary to limit the 
anode voltage to a value below that at which this glow 
discharge occurs and usually a series resistance is in- 
corporated for additional protection. 

In the manufacture of these tubes they are filled with 
an inert gas at a pressure of about 0.1 mm. of mercury 
after they have been thoroughly evacuated and the cathode 
has been properly sensitized. With argon (commonly used 
for this purpose) this pressure gives a mean free path for 
the electrons of about 0.25 cm. The ionizing potential of ar- 
gon is 15 volts, hence the potential gradient in the tube must 
be such that in moving 0.25 cm. the electron falls through 
a potential difference of at least 15 volts. 

Although the process of ionization in gases was de- 
scribed briefly in Chapter VI, the action may require some- 
what further explanation here. In order that an electron 
may hit a gas atom with sufficient force to remove an elec- 
tron from that atom, it must be traveling at a certain 
minimum velocity. For some gases, depending upon how 
loosely or firmly the orbital electrons are held, this velocity 
corresponds to that which an electron acquires in falling 
through a potential of 15 volts. 

To illustrate this, consider a glass bulb, as shown in 
Fig. 105, with two plates separated by a distance d and 
containing a small amount of argon gas. Assume that an 
electron starts from plate A under the action of potential F. 
Unless E exceeds the ionizing potential of the gas, there is 
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no possibility at all of the electron acquiring sufficient speed 
to produce ionization even if it fell unimpeded from one 
plate to another. It is obvious, therefore, that the voltage FE 
must be above the ionizing potential of the gas in the 
tube—in the case of argon, at least 15 volts. 

It can be shown, however, that if the tube is filled with 
gas at atmospheric pressure and with the electrodes only 
a centimeter or so apart, a potential difference hundreds 
of times as great as the ionizing potential of the gas can be 
impressed across the electrodes without producing appre- 
ciable ionization in the gas. This is due to the fact that the 
electron on its way collides with one of the numerous gas 
atoms in its path and so loses practically all the velocity 
it has gained. Then it will have to start all over again and 
before it acquires sufficient velocity to produce ionization 
it may collide with another atom and again lose all its 
velocity. 

The “mean free path” of an electron, therefore, depends 
upon the average distance between the atoms of gas, and 
this, it is well-known, depends on the gas pressure. At 
atmospheric pressure the atoms are about one millionth of 
a centimeter apart, so it might seem that the electrons 
could scarcely move at all before colliding with a gas atom. 
This, however, is not true because the gas molecules are 
so small that even at this distance there is relatively ample 
space between them. 

As the gas pressure is reduced, the mean free path of the 
electron is increased. With argon, as already stated, the 
mean free path at 0.1 mm. pressure is about 0.25 cm., and 
since the ionizing voltage of argon is 15 v. an electron will 
have to fall through at least 15-v. potential difference in a 
distance of 0.25 cm. to effect ionization. 

Thus, the presence of gas obviously alters a phototube’s 
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characteristics, causing it to depart from the linear rela- 
tion shown in Fig. 103. 

A typical voltage-current curve for a gas-filled tube is 
shown in Fig. 106. The current, it will be noted, rises rapidly 
to the saturation value of the tube as a vacuum tube.* This 
saturation value of current holds, as the anode voltage is 
increased until ionization sets in, and here the ionized gas 
adds its current-carrying capacity so that the anode current 
increases to several times the true saturation current of 
the tube. As already mentioned, if too intense an ionization 
is employed, the tube becomes unstable and it may set up 
a glow discharge which persists independently of the inci- 
dent illumination. The excessive bombardment of the 
cathode surface under these conditions results in its rapid 
and permanent deterioration. Usually an amount of ioniza- 
tion which gives an anode current from five to ten times 
the value of the photoemission is as much as can be safely 
used. 

Although the glow discharge must be avoided in the 
operation of the ordinary gas-filled phototube, a tube of 
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Fig. 106. Current-voltage curve of a gas-filled phototube. The 
lower portion of the curve corresponds to that of a high-vacuum 
tube. It is essentially linear until the saturation value is reached. 
Then as the anode voltage is increased ionization sets in and the 
current again rises rapidly. The curve for a high-vacuum tube 
under the corresponding condition of voltage is shown dotted. 


special design has been developed which utilizes this glow 
discharge effectively. This is the photoglow tube developed 
by D. D. Knowles. It is similar to the ordinary gas-filled 
phototube, but the gas pressure is considerably higher. They 
are operated with sufficient voltage between the electrodes 
so that the electron flow due to the photoelectric effect will 
ionize the gas and initiate a glow discharge. Since this 
glow is essentially an arc, with a constant arc voltage, the 
current through the photoglow tube bears no relation to 
the degree of illumination: it is limited only by the im- 
pedance in series with the tube and usually is sufficient to 
operate a magnetic relay without use of amplifiers. The 
characteristics of a typical photoglow tube are shown in 
Fig. 107. As will be noted, this tube has the property of 
locking in when energized from an a-c. source so that if 
the illumination is increased to a point above the start 
curve and then decreased, but not below the stop curve, 
the current will continue. On alternating current, of course, 
the current stops at the end of every half-cycle, but unless 
the illumination is reduced to a point below the stop curve, 
it will be re-established at each alternate half-cycle. This 
characteristic is useful in maintaining the current after 
it is started by a transient increase in the illumination. 

Such tubes will carry as much as 5 milliamperes and 
they are designed for use where only occasional breakdown 
is encountered. Their field of application at present is quite 
limited. 

To recapitulate: there are two general types of photo- 
tubes: (1) the high-vacuum type which has a decidedly 
linear characteristic but a low current capacity; (2) the 
gas-filled type which has a much higher current capacity 
but in which the voltage-current curve departs from a 


*By saturation value, of course, is meant the point at which 
the anode voltage is sufficient to attract all of the emitted 
electrons to the anode. 
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Fig. 108. Circuits showing the use of the photoglow tul 
direct and alternating current. 


linear relation. The photoglow tube, of course, is 
form of gas-filled tube. 

The high-vacuum type of phototube is amazingly sensi- 
tive in its response and is capable of measuring the most 
minute and rapid variations in light intensity. There are 
other photoelectric devices available, which behave sini- 
larly, but none of these has the rapidity of action of the 
vacuum phototube. It is for that reason that the phototube 
finds application in television systems where speed of re- 
sponse is paramount. 

Phototube circuits always have a battery or other source 
of potential in the circuit. In general there will be a smal 
current to the anode even if no accelerating potential is 
applied to the anode, provided the frequency of the incident 
light is high enough, but this current is so small as to be 
negligible. The higher the voltage of the battery, the greater 
will be the photoelectric current up to the point where the 
voltage on the anode is high enough to attract al! of the 
electrons emerging from the cathode surface. This is called 
the saturation current of the tube and corresponds exactly 
to the saturation current in the diode. 


specia 


CHAPTER XVI 
. ELECTROMAGNETIC RADIATION AND THE 
PHOTOELECTRIC EFFECT 


The photoelectric effect is the name given to the } 
light, x-rays and similar radiations to cause certaii 
stances to emit electrons, and, as such, it is the | 
which has made possible the phototube. The phenomer 
important and interesting from several points of view, chief 
of which is that it represents one of the three or four fun- 
fundamental interactions between radiation and matter. By 
this we mean that it concerns the way in which energy 0 
the form of light and x-rays is handed over to matter and 
vice-versa. It is a strange phenomenon; indeed, in the ex- 
planation of the photoelectric effect we come as close to ont 
of the fundamental secrets of nature as we do in any study 
man has engaged in. Indeed, it was the inconsistency of the 
laws of photoelectricity with the wave theory of the nature 
of light that led Einstein to postulate that light was cor 
puscular in nature and that each light corpuscle 
“quantum” coud] give up its energy to an electron of th 
photoelectric surface. 

As was shown in the preceding chapter, the phototube 18 
easily explained; it is simply a device for controlling 4! 
electric current by means of light. Now, we will concer 
ourselves with a more detailed consideration of the )hote 
electric effect itself. Those who are interested only in thi 
simple action and application of the tube but not _the 
theories underlying its action may skip this, but to ‘hose 
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i Si vide plenty of food for thought. 

. The governing photoelectric phenomena are easier 
ae than to understand. Their study has raised 
— D of great interest regarding our views as to the 
we na of radiation since they attribute to light a be- 
haviol irently irreconcilable with the simple continuous 
ait th used to explain light phenomena. Also, they 
maintai eir validity over an enormous range of wave- 
lengths, 2 fact difficult to explain. Ordinary visible light, 
fo» exaniy ie, has a wave-length a million times greater than 
that of rt x-rays, yet the relation governing the speed 
of the ejected electrons is the same in both cases. 

No attempt will be made to present an exhaustive dis- 
cussion of the nature of electromagnetic radiation, but in 
order to discuss the photoelectric effect, certain facts re- 
garding radiation should be understood. We should know 
to a certain extent what is meant when we speak of electro- 
magnetic radiation. All of us know in our minds what is 


meant when we speak of light, or heat, or even x-rays, 
though it might be difficult to explain these terms. When 
we speak of radiation, however, we may not be so sure as 
to what is meant—it is a more technical term; yet light, 
heat and x-rays are all examples of radiation. 

All of you have sat in front of a stove on a cold winter 
day and watched it turn first a dull red and then a cherry 
red. As it became red hot you backed away from the in- 
tense radiant heat that was thrown out and sought a cooler 
spot. Did you ever wonder about the invisible radiation that 
was emitted before the stove became red hot? You must 
have noticed that even before the stove turned red hot, you 
could feel the heat; you could not see anything, however. 
What really happened? If that which warmed you when the 
stove was black was heat, what was it when it turned red? 
Are there different kinds of heat? Is black heat different 
from red heat? 

To most of us who have studied even the simple elements 
of physics these questions answer themselves. We know only 
too well that the heat from the black stove is not funda- 
mentally different from that from the red-hot stove except 
that at the latter stage it is more intense and that it affects 
our sense of seeing as well as of feeling. At the red-hot 
stage, we learned at school that the radiation is of shorter 
wave-length or higher frequency. Radiation, we were told, 
was largely a matter of frequency or wave-length. We can 
see radiation of only certain wave-lengths; specifically, only 
those wave-lengths between 7700 and 3800 Angstrom units.* 
In other words, the eye is sensitive only to the wave-lengths 
n this range. As we shall see, all radiations can be ex- 
pressed in terms of their wave-length. Those lying in the 
range just below 3800 Angstrom units are called the ultra- 
violet radiations, because they lie just beyond the violet end 


| of the spectrum. We can neither see nor feel the ultra-violet 


radiation but, as will be shown, they have pronounced photo- 
chemical and photoelectric as well as biological effects. 

Above 7700 Angstrom units are the infrared, so named 
because they lie in that portion of the spectrum just beyond 
the red in the visible range. Our eyes cannot see the infra- 
red but we can feel them and in everyday experience we 
recognize them as heat. These are the radiations which the 
stove sends out before it becomes red hot. 

Between these infrared radiations and the ultraviolet, are 
the radiations which the eye can “see.” It is true that when 
the stove is red hot we both feel and see radiation, but this 
is because there is a mixture of light and infrared waves. 
If the latter are filtered out, we no longer feel the radiation 
coming from the stove but we still see it. 

The point we are trying to make clear here is that the 
mere changing of the wave-length of radiation causes it to 
exhibit widely different effects. In Fig. 109 is shown a scale, 
known as the electromagnetic spectrum. It is nothing more 
than a seale representing the lengths of various kinds of 
electromagnetic radiation of which we have knowledge. It 
looks quite simple and is quite simple, yet in many ways it 


*TI Angstrom unit is the conventional unit for the measure- 
ment of wave-length when dealing with x-rays, light, etc. It is the 
one ndred millionth part of a centimeter. 


is a wonderful thing. Its length, or rather its growth, is 
very much a measure of the growth of man’s scientific 
knowledge. At one time the only portion of it of which man 
had any knowledge was the small central portion labeled 
visible light and a portion of the adjacent region called the 
infrared. For many centuries, indeed for the greater part 
of man’s existence on earth, these were the only portions of 
this scale of which man had knowledge. 

Later, and remember, all this occurred within the last 
hundred years, the existence of electric or “radio” waves 
was predicted and discovered. Next came knowledge of the 
x-ray and the gamma rays from radium and as each of 
these was studied they were found to fit into a definite 
place in the electromagnetic spectrum; they all appeared 
to be members of the same family. At first there were many 
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Fig. 109. The electromagnetic spectrum 


gaps but these have gradually been filled so that today we 
have practically a continuous scale extending from the in- 
finitely short rays of radium, less than a hundred millionth 
of a centimeter in length to the very long radio waves of 
the transoceanic wireless stations, 20,000 or more meters in 
length. This entire vast range of lengths is represented by 
the scale in Fig. 109. 

All of these radiations, light, x-rays, radio waves, were 
regarded as being vibrations or waves in a purely imagin- 
ary medium called the ether. Though the most elaborate 
experiments were devised, and set up, no proof of the ex- 
istence of an ether was ever shown but a wave had to bea 
wave in something and so the ether was invented. It served 
as a convenient explanation for the action of light, radio 
and x-rays. Just as a disturbance in water produces a 
wave which travels outward from the point of disturbance, 
so it was thought that a disturbance in the ether produced 
light waves or x-rays or radio waves. All of these waves, 
it was shown mathematically and experimentally, traveled 
at the same speed, at the rate of 3 X 1019 cm. per second, 
the velocity of light. The only difference between the waves 
of light and the waves of the x-ray or any of the other 
radiations, it was demonstrated, was in their length. And 
since the speed was constant, it was apparent that there 
was an inverse relationship between the wave-length and 
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the frequency of vibration; as the wave-length becomes 
shorter, the frequency becomes greater and vice-versa. In 
other words, the product of the frequency multiplied by the 
wave-length always equaled the velocity of light, 3 « 101° 
cm./sec. 

This wave theory served well; it explained the properties 
of light in a way that no other theory had been able to do 
before. On the basis of this theory light was a form of 
energy stored in the ether which traveled outward from 
its source, spherically, in all directions. The energy at any 
point in space varied as the distance from the source; the 
energy of the wave was less the further it traveled from 
its source, just as the circular waves which spread out from 
a stone dropped into a pond grow weaker as they spread 
out from the center. All this was quite simple and easy to 
understand—if you could imagine the ether. 

Now, we can return to our red-hot stove. As the stove 
turns from black to red, that is, as the temperature rises, 
the frequency of the radiation increases and, conversely, the 
wave-length decreases. Now, we know that as the tempera- 
ture rises we get warmer and back away from the stove; we 
can stand or sit at a considerably greater distance and yet 
feel just as much heat as we did up closer when the stove 
was still black. There seems to be more energy in the high- 
frequency heat waves than in the lower-frequency waves. 

This, it can be demonstrated, is an actual fact. The total 
radiation coming from a stove or any such black body in- 
creases very much as the temperature rises, in fact it in- 
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Fig. 110. This diagram, from Behar’s ‘‘Relations Between Temperature and 
Radiant Energy,’’ shows the distribution of radiation from ‘‘blackbodies’’— 
bodies which radiate or absorb perfectly, hence which are the brightest of 
all bodies when very hot and the blackest when cold. Black-oxidized iron 
is almost a perfect blackbody, so that Curve B represents the wave-length 
distribution from a stove which is ‘‘black-hot’’—about 160°F. below dull- 
red. The wave-length of its most intense radiation is 4 microns (or 40,000 
Angstrom units, or 0.0004 cm.) which is in the infrared. (See Fig. 109.) 
Curve A represents the radiation from a yellow-hot stove. Its peak of 
intensity is still in the infrared, at 2 microns. Its red radiation is about 
twice as intense as its yellow radiation, but the human eye is ten times 
more sensitive to yellow than to red, so that the light seems yellow. 
The absolute temperature of A is twice that of B. Therefore, by the 
fourth-power law, the area under Curve A, representing watts per square 
inch of stove surface, is 16 times (2 X 2 X 2 X 2) that under Curve B. 
At 1000°F. a piece of iron begins to radiate visible red light, as shown 
by the dotted curve. An interesting distribution curve is that of the sun: 
its peak is very close to that of the eye—about 0.55 micron. One reason 
why Behar did not draw it is that its peak would be 500 inches high if 
drawn tO the same scale of intensities! 
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creases as the fourth power of the absolute te; 

By breaking up the radiation from the stove in: 
rate wave-lengths by means of suitable prisms 
and measuring the intensity of the radiation in 
ous wave-lengths, it can be shown that the hotte; 
the shorter the wave-length and a set of eur, 
drawn to illustrate this.* 

To plot such graphs and to demonstrate tha 
true was one thing, but to account for it on t} 
purely theoretical considerations was quite anot} 
great deal of effort was spent in trying to find a 
which fitted these graphs. 

It was not until around 1900 that any succes 
but then Max Planck finally succeeded. In d 
made some radical departures from the accepte: 
principles of the time. Until that time it had be. 
that an atom radiated energy continuously. (You 
are wondering what all this has to do with photo 
don’t worry, we'll come to that.) Planck assumed 
atoms radiate energy discontinuously—in bund 
speak. An atom could release a whole bundle of e: 
not part of a bundle. Furthermore, he gave th: 
which energy is radiated under this assumptior 

energy of quantum = hv 
where v is the frequency of the radiation, and / 
versal constant known as Planck’s Constant and 
to 6.55 X 10-27 erg.sec. This law and this constant 
since become quite famous and it has appeared in a! 
of rather unexpected places. It is fundamentally ¢ 
with the mechanics of the atom. 

In the meantime, the study of the photoelectric e{ 
started in 1887 when Hertz found that light falling « 
spark gap enabled a discharge to pass more easily ¢ 
when the gap was not illuminated. A year later Hallwachs 
made the important observation that ultraviolet light fall- 
ing on a negatively charged zinc plate cause a rapid loss 
of charge. The next year (1889) Elster and Geitel showed 
that no loss of electricity occurred when the plate on which 
ultraviolet light falls was initially positively charged. So 
the study went on and it was not long before the cause of 
the behavior was discovered. In 1899 J. J. Thomson and 
P. Lenard showed independently that the action of the 
light was such as to cause the emission of negatively 
charged particles—electrons. In some strange way, when 
light fell upon the surface of a solid body, electrons in that 
body “flew out.” 

Shortly afterwards, in 1902, Lenard opened up a new 
method of attack when he directed attention to the maxi- 
mum energy of the ejected electrons. He was able to show 
that the maximum velocity of the ejected electrons was in- 
dependent of the intensity of the light but depended upon 
the source from which the light came. Ladenburg and other 
scientists then showed conclusively that the energy of the 
fastest electron ejected from a given surface (such as zine, 
lithium, thorium, etc.) depends entirely upon the wave- 
length or the frequency of the radiation. 


111A. A ball dropped int 
pond at A creates a wave whict 
ejects another ball floating on the 
surface of the water at B. 


8 

To one familiar with the wave theory of light, this 
strange discovery. No wave theory of light could explé 

it. On the basis of a wave theory, it is conceivable tha 

ball is dropped into a pond as shown in Fig. 111A a 

ball floating on the surface of the water some dis 
away might be lifted upward by the waves reachin: 

One would not expect this second ball to be lifted ver) 

(Continued on pags 


Fig. 


*See, for example, “Relations between Temperature and 
ant Energy” by M. F. Behar, Instruments, Nov, 1940, past 
345. This is a non-mathematical discussion. 





ERATES 
pOSMEVELY FROM 
AUROMENTARY 
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A SMALL “MEMORY-TYPE” RELAY 


with R-F INSULATION 


Originally designed for aircraft services, this new Struthers- 
Dunn 50XBX “Memory” Relay is ideally suited for numerous 
other applications as well. It is of two-coil, latch-type construc- 
tion, having radio frequency insulation on its double-pole, 
double-throw main contacts. These contacts operate immedi- 
ately upon receipt of a momentary impulse from a push button, 
limit switch, or any other source of brief or extended impulses. 

The coils are practically universal in that they will operate on 
voltages as low as 12-volts D.C. Since they are in the circuit only 
momentarily, they cannot overheat on much higher voltages, nor 
will they hum or overheat on A.C. as each coil may be connected 
to de-energize itself as soon as it has performed its function. 

Struthers-Dunn Type 50XBX “Memory” Relays will operate 
in any position, are shock-proof to 10 G’s, and set new standards 
of efficiency on applications where the contacts must “remember” 
unfailingly which coil was last energized—by remaining latched 
in position until they are released by energizing the other coil. 


STRUTHERS-DUNN, INC., 1321 ARCH ST., PHILADELPHIA 7, PA. 


ONE OF THE FAMOUS 


TRUTHERS-DUNN 


5,288 RELAY TYPES 


DIRERICT ENGINEERING OFFICES: ATLANTA « BALTIMORE - BOSTON - BUFFALO « CHICAGO . CINCINNATI .« CLEVELAND 
DMRLAS . DENVER «. DETROIT . HARTFORD - INDIANAPOLIS «. LOS ANGELES « MINNEAPOLIS « MONTREAL 
MW YORK . PITTSBURGH « ST. LOUIS «. SAN FRANCISCO - SEATTLE « SYRACUSE « TORONTO « WASHINGTON 
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Cannon Gualtiy Cortleol is an extra 


you get when you buy Cannon Connectors. It’s there. 

You can see it in better finish, better fit, die castings, wherever 
possible, special alloys for strength and lightness, fine machining. 

You recognize it in easier assembly. You realize it in longer satis- 


factory service. 

What is it worth? What does it cost to trace a broken circuit only 
to find the cause in a faulty plug? What is it worth to know that 
motors, instruments and lights won't fail because a plug goes wrong? 

What's the price of a plane and the value of the lives of its pas- 

= 


sengers and crew? 


NEW SOLENOID BULLETIN 


New 24 page Solenoid Bulletin contains Cannon’s complete 
line of Direct Current Solenoids of 14 and 28 volts with a 
wide range in amperage and pounds push and pull. Fully AR 
illustrated with drawings, photos and ample data on response meat 
characteristics. Request your free copy from Dept. A-123, \\ i 


Cannon Electric Development Company, 3209 Humboldt — 


Street, Los Angeles 31, California. , 
ry 


IVT) mitts 


ELECTRIC 
» 4 
Cannon Electric Development Co., Los Angeles 31, California 


Canadian Factory and Engineering Office: Cannon Electric Co., Ltd.,. Toronto, Canada 


REPRESENTATIVES IN PRINCIPAL CITIES — CONSULT YOUR LOCAL TELEPHONE BOOK & 
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OPERATING PRINCIPLES INSTALLATION MAINTENANCE 


ion Instruments 


Power plant Automatic-landing Aerological 


bagcaeitiasiss:| 


tomatic- piloting 
Metieattietastaecis est 


Flight- testing 


M. F. Behar, Editor May 1944 


How “The Guys on the Ground” Won 
“The Battle Against Sand” 


By Captain ALFRED FRIENDLY, ASC, AAF. 


N the February Instruments the feature article was a 
profusely-illustrated description of the Air Service 
Command’s instrument repair and calibration semi- 
railer; the front-cover photograph was a general view 
side this mobile shop and laboratory. 

Although large numbers of these special trailers have 

2 shipped overseas, it must not be inferred that all 
ardships are ended for all AAF instrument repairmen on 
|| war fronts. Warfare isn’t like that: it frequently makes 
mpossible the use of equipment especially made for con- 
renient servicing of aircraft instruments. Even if instru- 
ment semi-trailers had been available in large numbers 
before Pearl Harbor and were available in enormous num- 
hers today, they could not be used everywhere. Nor could 
hey be used at all times—certainly not during the time 

hich may be described as ‘“‘the early stages.” 

Most of the First and Second Echelon Maintenance men 

and many in Third and Fourth Echelon groups relatively 
ar behind the front lines—work under adverse conditions 
day; and will always work under difficult conditions until 
he war is won. 

A glorious chapter of resourcefulness and inventiveness 
hs well as devotion to duty is being written by maintenance 
men—real experts today, although less than five percent 
f them had received special training before Pearl Harbor. 

Typical of their work is the story of the group at a 
fiddle East AAF depot located in ankle-deep powdery sand 


Yes, itsays’ 
* “AIRCRAFT 
INSTRUMENTS’ 


—sand never packed hard by the waves of the sea—the 
burning sand of a place where, in daytime during the sum- 
mer, metal parts shaded from the direct rays of the sun 
are almost too hot to touch. (See Fig. 1.) 

This supply and repair depot is, to be sure, behind the 
front lines and behind the scenes. And, as far as recogni- 
tion of its work by the folks back home, or even knowledge 
of the existence of bases like this, it has also been behind 
the eight ball. 

It is an integral part of the Air Service Command, it- 
self a behind-the-scenes organization charged with world- 
wide overall aircraft supply and maintenance functions. 

The repairmen’s record is an astounding one. Their work 
in reclaiming precision instruments (see Fig. 2) has been 
phenomenal. This work has been done with a minimum of 
equipment and tools. To make up for deficiencies, the GI 
mechanics simply invented and manufactured their own. 

Staff Sergeant James E. Sims, of Compton, Cal.; Tech 
nical Sergeant E. H. Johnson, of Elk Point, S. D.; Private 
First Class James Cavalier, of Jeannette, Pa., with the 
assistance of civilian technicians from the Douglas Air 
craft Corporation, such as Ted Lamparter, of Lancaster, 
Pa., set up their own instrument shop. After they built it 
and installed equipment, much of it home-made, they tested 
and repaired 1200 of the complex instruments that go into 
a modern combat airplane, sending them out ready fo1 
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Fig. 3 





Fig. 4 


immediate installation wherever needed. This number, 1200, 
is months old; today’s total is of course much higher. 

To test automatic pilots, as tricky and as delicate an in- 
strument as there is in the books, a scientifically-correct 
device was home-made—or rather desert-made, by J. C. 
McPhie, of Salt Lake City, Utah, a Douglas Aircraft Cor- 
poration employee attached to the Air Depot Group. (See 
Fig. 3.) 

Sergeant Clarence M. Cash, who worked in the Allison 
Motors Plant in Indianapolis, Ind., until his wife, Hazel, 
replaced him when he went to war, has designed and made 
almost all the depot’s extensive testing equipment for spark 
plugs, and has thereby supplied to Middle East aircraft 
some 66,000 of these vital items. (See Fig. 4.) 

Because it would take from five to ten days to get in- 
strument glass, the men made their own out of aircraft 
Plexiglass. They made instrument dials out of Bakelite 
and used Plexiglass to replace non-available slate insu- 
lators. 

Signal Corps men (see Fig. 5) attached to the Air Service 
Command service center have been no less ingenious than 


Cold 


these two from 


cants: note the 


ometer. 





UAL’s Post-war Jobs 


{[EDITOR’S NOTE—At present, readers of this department 
are all helping to win the war, but they are interested 
also in post-war opportunities for the skills they have 
acquired. The following news release is so enlightening 
that we print it in full. We do not thereby imply that ail 
airlines, all aircraft instrument companies, etc., have ex- 
actly similar plans; nor that the UAL plan is the only 
verfect one; we believe, simply, that it deserves wide pub- 
licity among the readers of this department.—MFB.}] 


CHICAGO, April 25.—Extensive plans not only for the 
re-employment and rehabilitation of its own personnel now 
on leave with the Armed Forces but for the absorption of 
large numbers of entirely new employees following de- 
mobilization, were disclosed today by United Air Lines. 
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ip contrast to the Air Force photos 
of instrument work in hot deserts, 
the 
Division of Bendix Aviation Corpora- 
tion at Teterboro, N. J., show cold tests 
of materials and assemblies: 

(left) Testing aircraft-instrument 
rubber and other materials at 

(right) Performance test of an air- 
craft starter to determine correct lubri- 
use 


Fig. 5 









the aircraft instrument repair men. In the rad 
example, they found that usual rubber shock 
would not hold up under pressure in desert cond 
made a substitute out of a spring—they had t 
spring, too—and a porcelain insulator. The s 
practically standard equipment by this time. 

Such is the work of the guys on the ground. It’s fair) 
satisfying, too. According to Master Sergeant fobert 
Price, Scranton, Pa., boss non-commissioned oflicer of th 
group’s engineering office, “You get quite a kick out of ; 
when you see them take off. You know that they would,’ 
be flying if the gang hadn’t cured them when they wer 
sick.” 

By the time this article appears in print, the individua 
mentioned by name have probably received the latest equi 
ment. Perhaps they are working in air-conditioned mobil 
instrument shops. But their story is typical: it is bein 
duplicated at this very moment in many Air Service Con 
mand bases throughout the world, with other Ticultie 
than desert sand to overcome, but always in the face 
unexpected difficulties. 
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Tests 


Eclipse-Pioneer 


—60°F.; 


of a hand tach- 


The program was described as indicative of the | 
role which the airlines will play in post-war empl 

United’s plan has been in quiet operation s 
December, according to R. F. Ahrens, the compan 
tor of personnel. It calls for periodic contacts wil 
service employees; rehabilitation of the physical 
capped; indoctrination on important changes w!' 
industry and specific training consisting of 
courses in various company activities; familiariza 
new company policies and post-war plans, and s} 
training to augment technical training and other e  1can@ 
acquired while in the Army or Navy. 

With over 1,300 employees now in service and 


radio shop, f 


ck 1 simph 


ond ns. The 

id to make th 

€ substitute j 

e, 

ind. It’ 

ant kobert } 

| officer of th 
kick out Of } 
the; ldn’ 

hen they 

the l 1 Vidua 





e lat St equip 


itioned mobil 


1: it is being 
Service Com 

er cul 

n ti ice 





VW = 


x Tens of thousands of these Claro- 
stat power rheostats are in daily use. 
They are standard equipment in many 
fighting and civilian planes, as well 
as in radio and electronic assemblies 
















generally. They are proving that they 
can take it—and then some. Avail- 
able in 25 and 50 watt ratings. | to 
5000 ohms for the smaller, '/, to 
10,000 ohms for the larger unit. 


* Write for Literature ... 


Descriptive bulletin on request. Submit your 
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IR EXPRESS is a 3-mile-a-minute conveyor belt between your 
l J plant and consignee. Use it efficiently! When shipments 
are ready, call for a pick-up...right then! If you wait for 


routine end-of-day pick-up, you let a lot of planes go by 








that might be speeding your shipment to its destina- 
tion. Remember: the secret of earliest possible 
delivery is earliest possible shipment! 


A Money-Saving, 
High-Speed Wartime Tool 
For Every Business 


As a result of increased efficiency developed to meet wartime demands, rates 
have been reduced. Shippers nationwide are now saving an average of more 
than 10% on Air Express charges. And Air Express schedules are based on 
“hours” ,not days and weeks— with 3-mile-a-minute service direct to hundreds 
of U.S. cities and scores of foreign countries. 

WRITE TODAY for “Vision Unlimited’’—an informative booklet that will 
stimulate the thinking of every executive. Dept. PR-5, Railway Express Agency, 


230 Park Avenue, New York 17, N. Y. 





Phone RAILWAY EXPRESS AGENCY, AIR EXPRESS DIVISION 
Representing the AIRLINES of the United States 


May 1944—Instruments—Page 


















odes 











GIVES STEADY 
READINGS... 





Far Varve gw 





MERIAM 
PULSATION 
ABSORBER 


ie ie) 

















































Pulsation 
Absorber 
Connected 
up to Pressure 
Gauge (gauge 
not furnished), 





A simple, effective device which eliminates 
the unsteady readings so often caused by 
pulsating flow of liquids or gases where 
pressure or vacuum gauges are connected 
to pipe lines. 

The Meriam Pulsation Absorber is only 7 
inches high... all joints welded, preventing 
leakage. It has no moving parts and gives 
long years of thoroughly reliable service. 
Your choice of various styles for operating 
pressures up to 3000 pounds per square 
inch. Ask for Bulletin 2. 


THE MERIAM INSTRUMENT COMPANY 
10958 Madison Avenue ¢ Cleveland 2, Ohio 


ME RIAM * 
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ESTABLISHED 1911 
MANOMETERS, METERS AND GAUGES FOR THE ACCURATE MEASUREMENT — 



















\ ____OF PRESSURES, VACUUMS AND FLOWS OF LIQUIDS AND GASES 
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pectancy of additional numbers annually for | 
United felt that plans for their re-employm: 
started now rather than at the conclusion 
Ahrens said. 








Briefly, the rehabilitation program operates thie 
1. Questionnaires have been sent to every 7 
military leave, requesting information concer milit 


record, experience and education acquired whi 
Thus far, 75 percent of such questionnaires |] 
swered. Approximately 12 percent of the indi has 
indicated a desire to enter a different job sifiests 
when they return to the company; 75 percent 
specialized training since going into service. 

2. As soon as the serviceman is demobilize: 
port to any United personnel office, stating his fy, 
plans and giving the approximate date on w 
be able to report for re-employment. 

3. He will be entered on the payroll at the same gs 
he received before going into service. His persoine] yoo 
will be reviewed; he will indicate his choice ob, wi 
undergo complete physical examinations, will fil! out ys» 
ous company personnel records and, after disc ns wit 
various department heads concerned with his case, wi] 
assigned to his old or a new position. He then will ty 
the prescribed indoctrination and refresher training 4 
that job. 

“United’s personnel has increased from 4, in 194 
to nearly 8,000 in 1944,” said Ahrens. “This figure is ¢ 
pected to jump to more than 18,000 within four years aft 
the war. The estimated increase will enable us to re-emply 
not only our own personnel but also ex-servicemen wh 
entered military life directly from schools, colleg r othe 
jobs. Already we have a file of some 800 such individual 
who have expressed a desire to join the company when th 
war is over. These will be contacted periodically g with 
the company’s employees in service to determine their ad 
ditional military education. 

“Our big objective is to see that the way 
the smoothest possible absorption of our retur: q 
men and women on a basis that will give them due cred 
for all pertinent experience gained in the armed services 
also, to obtain from the demobilized ranks as many ne 
personnel as seem likely to fit into our expanding pictur 
All this is in line with our philosophy that business 
have definite responsibilities for the solution 
problems in the post-war period.” 


Criticizes Q&A Type Quizzes 


To the Editor of Aviation Instruments: 

I have read the article in your March issue by Charies 
S. Bellin, AAF, describing his quiz. As I have disagree 
with everyone else advocating this type of test | may ag 
well go on record as disagreeing with Mr. Bellin. 

In general, this type of test, known as the “objective 
test,” is not intended to measure the knowledge of an in 
dividual but rather to measure the comparative knowledg 
of a group of individuals. It has no value in teaching; Is 
false statements confuse the student. 

In particular, Mr. Bellin’s test contains nearly all ti 
irrelevant questions ever propounded. For example: “Tre 

false—the oil temperature gage should read approx 
mately 100°C. before taking off.” Of what possible vaitt 
is such a question to a mechanic concerned only h re 
pairing instruments? 

Please do not consider this criticism a perso! 
on Mr. Bellin, yourself or your splendid mag: 
rather as a plea for better tests for the poor 
who has to struggle through page after page of immaterii 
questions that only serve to confuse and bewilder him 

Why can’t we take our cue from the highly efficient C4’ 
officials? When I stood my instructor’s examinat 
gave me just five Essay type questions which 
approximately six hours and 18 pages to answer | 
gave them a pretty fair idea of what I as an i! 








“a 





knew. I sincerely trust that the CAA is still using ‘is * 


of test, and not the objective “guessing game” typ: 
Inasmuch as this is an Air Service Command 
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bring at NG JET PROPULSION 
wh 1 ge 
s | wee The development of Jet Propulsion as a 
ind ils source of power demands the accurate 
ob if Ci ere res measurement of high temperatures and 
o rec high velocities found in hot gases used 
«a SION to control this new type of engine. 
Ling his pe (\ coos The Revere Company has pioneered in 
LW a al | creating and manufacturing accurate 
heat and airflow measuring devices and 
the e sala instruments. 
ers el ren 
ice ho Among the primary units that Revere 
ill fill out vax can engineer for your special needs 
liscussiong CARBURATION | are: Total Pressure Tubes; Yaw Pitot 
is case, wi] CHAMBER. ~~ Tubes; Pitotstatic Tubes; Thermo- 
ther will couples; and High Temperature Hot 

r training COMPRESSOR. (ias Thermocouple probes. 

4,300 ir . Write for information about applications 
is figure Accurate Heat and Air Flow to your specific problems of high veloc- 
yur years afte Measuring Instruments ity and high temperature measurements. 
is t r ~emplo . 
ervicemen wh 
leg S or 1 
“yee ~) THE REVERE COMPANY 
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as mal 
ing ‘ “' PORTABLE ELECTRI 
ding ictal ppEcisvO B 
“ TINSTRUMENT WAS 
W1Z,7es Onl 
ay Fie x Use your own proven LD Same instrument with ther- 
7 rhearnenstnc namin won ee > sos al ageing 
€ by Charies pe res ms ngpne a nt oo liquid such as Oakite, beating element for suse 
ve disagreed po na pio will pt soap, powder solu- with low-cost solutions 
st 1 may & pay for this machine. ata S ide “rr i. ee canes: Sean 
lin. chioride, trichior- pence ture is required, Model 
1€ ethylene, etc. = C742-B, $100.00. 
ge Cover 
re | 
tea THOROUGHLY AND SAFELY CLEANSES THE MOST 
7” DELICATE MECHANISMS AND SMALL PARTS 
mp 1. No Abrasions! No Bumping! No Scratching! No Tumbling! Absolutely 
a ee no abuse because there is no moving of the most delicate parts or mechanisms. 
aly 2. Cleansing liquid circulates through complex and odd shaped instrument 
assemblies—work remains stationary. 
301 
gazine, 3. Keeps disassembled parts to- 5. Compartments can be lifted out. Larger 
yr mecha gether;nomixedormissingparts. parts can be just as thoroughly cleaned. 
ler my 4. Work comes out like new. 6. Drain well at bottom for dirt elimination. 
cient CA WRITE FOR LITERATURE 
lat t! AIRCRAFT INSTRUMENT DIVISION 
>} ‘ 
“! NAXON UTILITIES CORPORATION 
ir \. Engineers and Manufacturers of Precision Electrical Devices Since 1922 
2g VDE & 2101-11 WALNUT STREET, CHICAGO, ILLINOIS 


World’s Leading Manufacturer of Portable Electric Washers 





A.C. ONLY 
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ANOTHER 
SERVICE 
STRIPE! 














45 YEARS 

of Practical Solder 
Experience at 
Your Command! 





® Forty-five years of doing one thing — and 
doing it well— means an accumulation of sure- 
footed skill that can be used to avoid mistakes, 


prove procedure, build more profitable business operation. 


im- 


® Kester’s forty-five years of developing, making and improving 
soldering alloys and fluxes — forty-five years of experience in their 
practical application to every industrial use — offers a unique ad- 
vantage to manufacturers and maintenance and service men. 


® Kester’s store of knowledge about solder is at your service! 
Kester engineers and laboratory technicians will gladly assist 
you, without obligation, in setting up any soldering operation to 
obtain smoothest production, best and most profitable results. 


® Kester Solder products—the famous Cored Solders, fluxing 
compounds, wire solders and specialties —offer a complete and 
outstanding solder service to industry. Kester patents, based on 
years of careful research, cover many important and exclusive 
developments — acid-core solder that positively will not leak, and 
a plastic rosin flux that will not disintegrate, to mention only two. 


@ Whatever your solder requirements, put them up to Kester! 
You'll get prompt, skillful cooperation! 


KESTER SOLDER COMPANY 
4216 Wrightwood Avenue, Chicago, Illinois || 


Eastern Plant: Newark, N. J. | 
Canadian Plant: Brantford, Ont. 














(oan SOLDER y, 


TIN ORDER AMENDED. For the present, if you re- 
quire solder of more than 20% tin content, certify 
use on Kester orders; under WPB Order M-43 as 
amended November 3, 1943. Priorities Preference 
Ratings now govern only the scheduling of deliveries. 


Wail, 


vw BUY WAR BONDS x 










Corek Sotilers— 


STAN OAR OD IN DYUS TRY 
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I am using objective type examinations in acc 





aa oe 
our Instructional] Units Policy; and the opinio: i 7 
pressed here are strictly my own. Any AAF j aa 7 
secure a copy of our testing material by wri to Cy 
riculum Unit, MoASC, Maintenance Traini; Brea 
Field, Mobile, Ala. “—/ 
R. T. Harris 
Brookley Field, Supervising | Actor 
Mobile, Ala. Pressure & M Insty Ls 
EDITOR’S REPLY. This type of test permits an instr oe 
or score each individual student at the end of « wenn 





month of instruction which has been given uniforn ee 
dents. This is not only a time-saving convenience (| mr a 
when a nation must train an army rapidly) but it a 
by pedagogical authorities. However, although edu 
this TYPE of examination, they warn that -the For 
questions and statements must be governed by gen 
of psychology, etc., and by the specific requirement 
and situation. In short, it’s a job for experts, 

Instructor Harris may have become disgusted y ; 
of test by reason of cheap radio and newspaper quiz nd oth 
horrible examples, but Instructor Bellin reported ir Mand b 
issue that his test was used “with amazing result a 
participants were seeking references on the subjects 
studying them for the first time.” (That’s one rea 
article was featured.) 

The definition of “objective” given by Instructor |! is diff 
from that of educators, who use it to signify abs« f “sy 
jective” factors such as graders’ personal opinions, f tis 









To me, “objective” connotes the antithesis of 
“prejudiced.” 

As for the CAA examiners (whom I, too, admire) y natur 
ally wouldn’t rely on time-saving ‘“‘true-or-false”’ “03 Whel 


selecting INSTRUCTORS! 

Quizzes proved useful to the hundreds of officers, 
and civilians whom I taught, but that was a quarter 
and Instructor Harris may be right. The final judg 


ted me 
tury agi 
today 4 


the official heads of the ASC instrument-repairman training pp 
gram, who will order all necessary changes if Inst Harri 
proves his case—to them, not to MF 


Reader Spots Flaws in March 


To the Editor of Aviation Instruments: 

In Charles S. Bellin’s article “A Time-tested Test On In 
struments” (March 1944 issue) I find the foliowing errop 
in the answers to the questions. 

Question No. 15: The author probably has reference t 
the coiling of the capillary tubing of a vapor-pressure ty 
thermometer, as a tachometer drive shaft is neve 
good practice. 

Question No. 25: The approximate speed of the cyroscopd 
in the turn indicator (suction-operated which the author 
probably has reference to) is 9,000 r.p.m. The approximate 
speed of the gyroscope in the Directional and the Flight 
Indicator is 12,000 r.p.m. 

Question No. 48: The damping cylinder in a (suctior 
operated) Turn and Bank Indicator is used to prevent 
overtravel of pointer on returning to the vertical (center) 
neutral position, after the aircraft has stopped 
not to regulate the precession of the gyro assem! the 
aircraft turns. The sensitivity spring balances (regulates) 
the gyroscopic reaction (precession) during a tu 

Question No. 50: Oil is added to the wick of the 
and Bank Indicator approximately every 100 hours, no ‘ 
approximately every 400 hours. 

Pvt. JOSEPH WALA 
A.A.B. Pocatel!o, Idaho | 
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812 N. Deraware 8 
Tusa, OxLaHo» 


Notice—The admittance of new members to the Guild is 
until further notice, so that Guild Headquarters may ren 
service to present members while making provisions f 
needs,—R. G. OJERS, President. 
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HEADQUARTERS 
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a Te | Auiation Vustruments 
‘Ml AMES CAN AIRLINES, Inc. \ 

: use only 

‘fle RECON CLEANING 








At Left: 

Photo taken in 
American Airlines 
Instrument Over- 


haul Shop 













nal 
_as do the Army and Navy and more than 200 war industries. 


y natun L & R Equipment cleans instruments, meters, gauges electronic 


Ze3 whe : 
. tubes, bearings, jewels, crystals, screw machine products, 


sted me motor assemblies and related, small, highly vulnerable parts. 


« Write for complete, descriptive catalog material « 


— 577 ELM STREET + ARLINGTON: NEW JERSEY 


complete self-contained unit 


CLEAN ® RINSE * POLISH « DRY th L&R in one 





NSTRUMENT PRODUCTION LATHES 


WITH TURRET HEADS 


eo 






os 
a 


Immediate 
Delivery 


GAUUt 


9” Bed 
4” Swing 


Lever Collet Closer 


. hf INSTRUMENT REPAIR LATHES 


N/,”"—5/16” and 3/16” Bar Capacity, 9” Bed, 4” Swing 

Motops Milling 

sts V/4 hp. and Smaller attachments 
lets for 3/16”—5/16” and !/,” Bar Lathes 


Precision Work on all Types of Instruments 


Write for details and prices 


R. P. GALLIEN 


fullest 220 W. Fifth St., Los Angeles, Calif. 
PRECISION INSTRUMENT EQUIPMENT @ TOOLS @ SUPPLIES 
F 











STAT TTT eee eee 


Rs 


ONTROLS 
Smaller... lighter 


The greater activity of Chace Ther- 


mostatic Bimetals . . . types 6650 and 
6850, as compared with other bimetals, 
permits the designing of smaller and 
lighter weight temperature indicating, 
compensating and thermal controls 
when either is used as the responsive 


element. 


Chace makes 35 different types of ther- 
mostatic bimetal and each of them 
offers specific advantages in efficient 
building of thermal controls. Whether 
your controls function in war time 
machines or in peace time products, 
whether in aircraft or marine, in in- 
dustry or in the home, there is a type 
of Chace Thermostatic Bimetal exactly 


suited to your demands. 


Send us detailed information regarding 
your problem and get our recommen- 


dation for type of thermostatic bimetal 


best suited to your needs, 





Thermostatic Bimetals and Special Alloys 
1609 BEARD AVE + DETROIT 9, MICH. 


7 | MH by iI 
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F you have been using plug gages of steel or 

glass here is your opportunity to make sub- 
stantial savings by changing to Elgin sapphire 
gages. 

Tests under every type of use show that these 
Elgin sapphire gages outwear gages of any 
other type many times over. Their working 
surfaces of brilliant sapphire cannot rust, aren’t 
subject to corrosion. Furthermore they will 
not “burr” or become distorted with use. 

Available in sizes from .040” to .250", in 
tolerance ranges from .0001 down to .00002. 
Write for prices and complete information. 


ELGIN SAPPHIRE PRODUCTS PRESENT MANY ADVAN- 
TAGES FOR THE FOLLOWING TYPES OF EQUIPMENT: 
Bearings * Thread Guides + Extrusion Dies - Gages + Knife 
Edges * Spray Nozzles - Sapphire Lapping Powders + Diesel 
Injector Nozzles *« Oil Burner Nozzles + Soft Wire Dies » Phono- 
graph Needles * Machining Tools for soft metals + Burnish- 
ing Tools for soft metals ° Pressure Vessel Windows + Elec- 
trical Insulators » Watch Crystals. 


ELGIN NATIONAL 
WATCH COMPANY 


Sapphire Products Division 
932 Benton Street, Aurora, Ill., U.S.A. 


ORDNANCE PRODUCTION GAG) 
(Continued from page 266) 
such as the use of a height gage for measuring 
to 0.001” when a tolerance of 0.001” is give 
more experienced supervision is required for 
personnel. 


TRAINING 


The success of using less experienced personn«| for > 


inspection rests upon the training system use: 
trained, women make very apt gage inspectors. 
a delicacy of touch which lends itself wel] to 
precision equipment. A high-school education a 
ness are about all that are required for the m 


a, 
« \s \ 

\e\8 \FORMULAS | 
\°, \Y \ 


» o <\ 
2 \ 
ri 


o\ 


jobs in a gage laboratory. A knowledge of mathen 
especially geometry and trigonometry are essent 
person is to assume setup jobs. 


Following are several outlines of basic courses 


have been used successfully in the instruction of | 
to assume the more routine inspection duties. It is | 


more satisfactory to “learn by doing” under competent 


supervision with the courses shown broken into sn 
ments and presented intermittently over a period « 
weeks. For the more apt personnel, instruction 

ometry will probably pay dividends. This instructi 


be centered purely around right-angled trigonomet 


only a very small proportion of work in any 


will require mathematics of a higher degree. Th: 


Fig. 1, has been found quite helpful in the solutior 
more simple trigonometric problems. 


OUTLINE OF INSTRUCTION FOR GAGE CHE‘ 
\. General 
I. History 
(a) Standards (development, ancient to moderr 
(b) Interchangeability (Eli Whitney) 
Interchangeability 
(a) Tolerance, allowance, wear 
(>) Systems (unilateral—bilateral) 
(c) Basic size 
(d) Component—define 
Drawings 
(a) Component and gage 
(b) Terms, symbols, kinds of line 
(c) Views 
(d) Visualization 
(e) Work out a drawing for an actual object 
Gages (definition) 
(a) Advantages and disadvantages 
(b) How applied and why 
(c) Tolerance 
1. Varies according to size 
2. 10% rule 
(dad) Wear 
(e) Kinds of gages and use 
Snap, Flush Pin, Plug and Ring, Profile, 
Spanner, Concentricity (inside and out), Tal 
and plug), Thread (ring and plug) ete. 


5 


AMERICA’S BEST EQUIPPED SAPPHIRE FABRICATOR (Concluded on } 
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SURFACE 


< The 
> TRANSPARENT PLATE 


Wumeee | HIGHLY POLISHED SURFACE 


a ree Cadillac Glass Surface Plates have given 
[t is probably : ; : 
2r competent uniform satisfaction in hundreds of plants. 
) SI 
od of severa Produced in sizes from 8”x 8" to 18”"x 24 
on in trigon- 
uct should ‘ ‘ 
ometry sino 29d in accuracies from .0002 to .0005. Prices 
. The chart range from $11.00 to $90.00. Comes packed 
lution of the i. 

in individual box, top of which forms a pro- 
Hh 

tecting cover. Drop us a line for further data. 
rT 

902 West Cermak Road 

CHICAGO 8 ILLINOIS 
Tat 
.. 2 28) 
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Ames Dial Indicators have small and 
accurately made gear trains for indi- 
cating size variations as fine as 
.0001“. These highly sensitive gear 
trains are protected from damaging 
shocks by a simple shock-absorber 
which does not change their action 
Or appearance. 


Get acquainted with these popular 
shockless Indicators by orderiig 
them with any dial numbering 
desired. 

Complete catalog on request. 


B.C. AMES CO. 


ee MAS S.. U.S.A. 
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All Improved 
Movements 
corry the suffix 
“2” on the top 
plote 

Full-Jeweled 
Movoments cre 
mow avoilable. 


Sash 


now made certain and accurate with the help of 


1241 Lafayette Ave 























Again Federal steps ahead with new improvements 
ond refinements in the design and construction of its 
Dial Indicators. Effective at once all models, except Wes the First to... 
the “A” size, will include the following improvements: Use jeweled Beorings 


Better Proportioned Gears — Improved Pinion 
Bearing — More Accurate Alignment — 
Greater Strength — Elimination of Distortion 
— More Positive Movement Setting — 


W Yon of hard-to-get-at places 
WAPPLER 


INDUSTRIAL TELESCOPES 


White for 
aur Dooklel: 


roa ™;. 
ay = 


“Precision Instruments for 
the Exacting Inspection of 
Internal Surfaces. 

For prompt action and our recom- 

mendations, include drawing of 

part to be inspected, or preferably 
= the part itself. 


ye wren 


Industrial Division 


AMERICAN CYSTOSCOPE MAKERS, Inc. 


FREDERICK C. WAPP 5 
(Bronx) New York, U_S.A. 


FEDERAL DIAL INDICATORS | 





FEDERAL 


introduce Low-Friction Indicators. 

Redue Glore by Blockening the 
Indicotor Bezels, Cases, ete 

Stondardize Dimensions for Intefs, 
changeability 


FEDERAL PRODUCTS CORPORATION - 1144 Eddy St., Providence, R. I. 


7 . 7 . 7 EDERA - * . © * 


MS PRECISION MEASURING INSTRUMENTS 
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rhreads 
(a) Define 
(b) Discus proper nomenciature 
Illustrate nut and screw 
1) Classification 
1. NF, NC, etc. 
Classes of fit 
(¢ } Gages 
1. Explain and illustrate tolerane 
2. Classify W, X, Y, Z 
3. Go and Not Go 
4. Work out complete set of 
part 
5. Point out some problems that arises 
B. Equipment 
I. Gage Blocks 
(a) Historical background 
(b) Manufacture 
(c) Three points (size, parallel, flat) 
(d) Wringing 
(e) Caution against scoring 
(f) Stress value 
(gz) Show how to figure size 
II. Dial Indicator (test) 
(a) Explain construction 
(b) Explain use 
(c) How to mount 
(d) Emphasize angular error 
III. Vernier Instruments 
(a) Discuss use and limitations 
(b) Show principle and explain how to re: 
(c) Have students read various settings 
IV. Miscellaneous General Laboratory Equipme: 
(a) Optical comparators 
(b) Sine bars and angle measuring device 
(c) Surface plate equipment 
(d) Hardness testers 
C. Inspection 
I. Measuring outside dimensions 
(a) Micrometers 


f 


faces 


fo. 


? 


1. Describe assembly 

2. Explain scale 

3. Adjustment T 
4. Proper use 


» Have class read settings 
6. Discuss ‘‘feel’’ 
(b) Supermicrometer 
(c) Comparators 
1. Explain instruments 
2. Discuss use and cautions - 
II. Measuring Inside Dimensions fF 
(a) Dial Bore 
1. How to use 
(b) Inside micrometers (two kinds) 
(c) Bevel parallels 
(d) Inside caliper 
(e) Telescope gages 
(f) Blocks and accessories 
(g) Blocks and accessories 
Ill. Measuring Screw Threads 
(a) Pitch diameter (three-wire method) 
(b) Lead and form 
(c) Calculations 
IV. Special Problems 





ELECTRIC GAGING METHODS 
(Continued from page 265) 


single longitudinal member of the gage is rep! 


is made of the same material as the specimen being teste 
Temperature change will therefore change tl gt 
the specimen and the gage equally, but will not ge tl 





spacing of the electrode plates. The dimensions « 

and their overlap will be changed slightly, but 

a negligible capacitance change. A gage havi! 
thermal expansion characteristic as the specim« 
indications proportional to the stress in a rest! 

men, rather than the true strain. In most inst 

a desirable characteristic. 

Instability in electric circuits is reduced by ca Sig 

and in construction, just as with pick-up devi 





types of circuits are less susceptible to errors 
sources than are others. 

In a system in which the tuning of one circuit 
to another is the criterion of measurement, 
causing such a change in tuning will appear to t! serv 
just as would a change in the magnitude being isuTe 
An increase in the resonant frequency of one cir¢ 
be distinguished from a decrease in the resonant 
of the other. Therefore, unless both circuits car 
absolutely stable—entirely unaffected by anythi 
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GAERTNER 
AICROMETER SLIDES 


with 
MICROSCOPE or TELESCOPE 


ecision linear measurements up to 4’ reading to .00005" 


for 


Dependability & precision are insured by extremely accurate screws & fine craftsmanship. 


When used with the various types of support bases available they can be used as small 
comparators for horizontal linear measurements (Fig ) 
The microscope mounted parallel to the slide permits deptl isurements and micromete 


focusing (Fig. 2). 


depth 


micrometer 
measurements i 


focusing 





Vert rientation permits use as a 
ig. 3). Interchangeability of 
ection of magnifications. 
These instruments are ideal for the variety of 
inspection depurtments, laboratories and shops. 


small cathetometer for 
microscope objectives 


vertical 
and ¢ 


linear 
yepieces 


measure 
permits a vertical 
measurements 





applications required in testing and 


Fig. 3 


Send for Catalog M-138 


THE GAERTNER SCIENTIFIC CORPORATION 











1211 WRIGHTWOOD AVENUE, CHICAGO 14, U.S.A. 
Equipment with ‘ ND NCESCG 
. e ~ 4 3 be 4 5 } 
New Circuit Protection! - isis apelin: CS 





ELIMINATES NAME PLATES 
ON FRONT PANELS 


A proven method for placing durable characters 
on metal panels, chassis, etc. 





*& Inlaid baked enamel characters, 
protected by background finish; re- 


e spray test. 
* Front pane! will match finish of 
cabinets. 


“QUICKER THAN A SHORT CIRCUIT’ 


otect irreplaceable machines and instru- 
ents from costly burnouts and damage by 
experienced operators, with new Littelfuse 
uts throughout. Littelfuse circuit protec- 





sistant to abrasion and salt spray; 
guaranteed to pass 50 hour salt 


* Recommended and endorsed by 
scores of manufacturers of elec- 
tronic, sound and communication 
equipment. 





PROMPT DELIVERIES—Send us your t = faor 








meets today’s wide range of needs. 
hate ver your problems in this field, ALSO... 
Bttelfuse will be glad to counsel with you. 








REENMAKERS 


SILK SCREENING 


7 * es : ppete oe 
LIFTELFUSE Inc. bes : 
263 Ong St., El Monte, California 64 FULTON STREET » NEW YORK 7, N.Y. Priest é z ae 


4793, Ravenswood Ave., Chicago 40, Ill. 








Tel.: REctor 2-9867 
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Products of 
*“MERIT”’ 


mcane 
Fine Radio Parte 
. PARTS manufactured ex- 


actly to the most precise 
- specifications. 







Long manufacturers of com- 
ponent radio parts, MERIT 
entered the war program as 
a complete, co-ordinated 
manufacturing unit of skilled 
radio engineers, experienced 
precision workmen and 
skilled operators with the 
most he. ones equipment. 
MERIT quickly established 
its ability to understand 
difficult requirements, quote 
intelligently and produce in 
quantity to the most exact- 
ing specifications. 
Transformers—Coils—Re- 
actors—Electrical Windings 
of All Types for the Radio 
and Radar Trade and other 
Electronic Applications. 








MERIT COIL & TRANSFORMER CORP. 


311 North Desplaines S$ HICAGO 6, ILL. 


@ \WWHEATSTONE 

@ KELVIN 

@ MEGOHM 

@® MURRAY & VARLEY LOOP 
@ LIMIT 

In addition to Bridges, the WINSLOW line 


includes Megohmmeters, Thermocouples, Po- 
Ignition and Insulation Test 














tentiometers, 
Sets, etc., etc. Attractive design combined 
with rugged construction and high degree 
accuracy make these instruments ideal for 


general laboratory work. 


Ask for descriptive material. 


WINSLOW COMPANY 


e SAS Ee eee fe ee 


35 FULTON STREET @ 


THE 


NEWARK 2, » Jd. 
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change in gage capacitance—it is necessary { 
so nearly alike that such changes as must occy 
alike. Then, since the difference between them 
ion, the errors still occurring cannot be of t} 
and can be made so small as to be negligible. 
work, Whiddington used this principle.21 [Ip 
recent application of the Whiddington circuit. 
trical design and the use of methods of comp: 
lar to those mentioned here have produced 
instrument having a high sensitivity.58 In an 
instrument involving coupled resonant circuits, 
crystal control of frequency was employed.5°, 

Methods are available for constructing capa 
tors, and resistors which will experience lit‘ 
value over long periods of time, or with chang 
ture and other ambient conditions. 69, 61, 6 

In general, greatest overall stability is px 
bridge-type circuits; in them the entire circuit, 
to indicating device, can often be made symm 
practicable to introduce compensation for cha 
capacitance and the power factor of the conne 


Where long leads are required, however, other typ: 


are usually more efficient. Capacitance-type ga; 
herently high impedance, and because of const} 
ficulties, it is more difficult to incorporate high 


such a circuit than in one having lower impeda 
having impedance-changing devices built within th 


case have been used, with connecting cables } 


feet long, but such systems are somewhat compli 


ACCURACY 


The accuracy of a measurement is a functio 
present; the actual sources of errors (except « 
servation, 
the instrument or system, but the effects wh 
errors may be initiated by external phenomen: 
system would contain no sources of error—a1 
entirely unaffected by external phenomena exc 

which are being measured.* 

Gaging systems are subject to two class« 
Random errors may arise from friction, etc.; 
ably impair reproducibility. Systematic erro? 
from either mechanical or electrical defects; 
always impair reproducibility. In capacitative 
electric circuits, because of their characteristic 
pedance, are subject to both classes of errors. 

Most of the random errors occurring in a 
gaging system originate in the pick-up. The gag 
(that portion of the pick-up which converts the 


change inte an electrical change) should be so « 
as to permit no mechanical hysteresis. Moving pa 
be supported by elastic suspensions, rather than 
ing or pivoted joints. The effect of friction (as in t 
gage shown in Fig. 33) is to introduce small irr 


in the characteristic curve for the instrument; 


how good the bearing surfaces, some mechanical 


will occur. When elastic suspensions are used, t 


be so designed as to minimize the stress developed 
them; no material has yet been developed which is p 
elastic over an extended range. The same precaut 

be applied to the other parts of the pick-up—the ad) 


(58) A. Lindblad and D. Malmquist. A New Static 


ter and its Use in Ore Prospecting. Ingenidérs vetenskap 


miens Handlingar No. 146, 52 pages. Stockholm, 1938 
(59) John C. Lilly. The Electrical-capacitance-type 
Manometer. Review of Scientific Instruments, Vol. 13, 
34-36 
(60) H. 
perature Coefficient. 
Vol, 14, 1937, pages 221-227. 
(61) W. H. F. 


man (London), 1938. 600 pages. Chapter 3. 


*For a detailed discussion of accuracy and the typ¢ 
in measuring devices, refer to “Fundamentals of Instru! 
Pittsbu 


by M. F. Behar (Instruments Publishing Co., 
Chapter II, pages 27 to 46. Much of this material 
serial form in Instruments during the year 1930. 
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which may be called “mistakes”) resid 


A. Thomas. Coils and Condensers of Neg! 
Journal of Scientific Instruments 
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the wood engraving at the right appeared in our 
first bulletin on Frahm Resonance Frequency 
Meters. 


AND TODAY... 


the Frahm instruments shown below are but 
typical of the thousands we build each year. 


Aerial cameras—those silent guns 
which “shoot” with letter-perfect 
accuracy the fast-moving action of 
war—need the precision lenses 
which are being produced today. 
But the same skills, production 
facilities, and precision craftsman- 
ship now employed by Univis and 
devoted exclusively to producing 
for war, can be turned to the manu- 
facture of lenses for finer cameras 
to record the action of peace. 


ISA 


¢ Leo . 
SWwa wit 
g 


PERIELFE GO 
wasir with UNEVES 


. a priceless habit born of years 
of faithful adherence to precision 
standards in the manufacture of In the 34 years that have passed since 


finest quality multifocal ophthal- - P ; > 
mic lenses. We invite correspond- Mr. James G. Biddle introduced Resonant Reed Frequency 


ence regarding your post-war - : sete ee a h 
> 3 eer > basic p ) se 
plans involving the use of preci- Meters to American industry, the basic principle of the 


sion instrument lenses and prisms. instruments has not changed. Countless refinements and 


improvements have been made since that date, and the 


range of application is being constantly broadened. Frahm 
Resonant Reed instruments are still as unique and as out- 
standing as they were in 1910, and through Biddle experi- 


ence, research and development, continue to lead the field. 


s co. Write today for Bulletin 1695-1 


ian = James G. Biddle Co. 


tue 2 a 1on43 ancn street Clectrical and Acientific Instoauments PuMaperLruia, Pa. 
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MEMO eee From: FAST 


To: DESIGNERS OF POSTWAR 
ELECTRONIC DEVICES 


Developments in electronic devices for war and 
post-war find ever broader application for 
FAST Capacitors. 


Engineered and built by specialists, FAST Ca- 
pacitors can be supplied to meet the most rigid 
requirements. Units are produced for operation 
at low or high temperatures and pressures 
(minus 50°F. to plus 190°F, and altitudes up to 
40,000 feet) . . . Capacitors with good power 
factor (0.5% or less) and high insulation re- 
sistance . . . Units that have excellent stability 
over a wide range of temperatures and fre- 
quencies with relatively slight changes in ca- 
pacity. Single units can be furnished in voltages 
up to 250,000. Phone or write for recommenda- 
tions or other data—our entire organization is 
at your service. 


When you think of Capacitors, think Fast 


Capacitors for Electronic Instruments, Electron Micro- 
scopes, Laboratory Standards, Motion Picture Cameras 
and Projectors, Oscillograpbs, Oscilloscopes, Pressure 
Controls, Regulators, Relays, Scientific Instruments, 
Sound Recorders, Special Purpose Meters, Spectrographs, 
Spectropbotometers, Temperature Controls, Timers, X- 
Ray Apparatus and many other Devices. 









t dblhiihtddiiiitii hid ihh tthe iiiiiiiiriiiriii 


Capacitor Specialists for a Quarter-Century 
3105 North Crawford Avenue, Chicago 
Conodion Rep Beoupre Engi g Works Regd. 

2101 Bennett Avenve, Montreal, for Power Factor Correction 
J. R. Longstoffe, lid., 349 Corlow Avenve, Toronto, for Specio! Applicotions 
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devices and the facilities for attachment to th 

In all those circuits in which the cable ca; 
comes a part of the gage circuit, further prec: ne 
be taken. These have been listed in the descr 
electric circuits. 

Two sources of error peculiar to those systen 
electronic amplification are amplifier noise a; 
distortion. Noise is usually the result of too ¢ 
cation. Distortion in amplifiers usually is cai 
proper adjustment of electric circuits. Proper «osign a), 
adjustment of the oscillating electric circuit | mak 
possible the use of less-than-perfect power sup) lies, 24 
Proper design and application of the gaging ei: nent wy 
provide greater gage output and will require mplig, 
cation. 7 

If the presence and magnitude of an error is wn, the 
appropriate correction can be made, and thus for al] pry. 
tical purposes the error is eliminated. If in ad cull 
inethod is provided to change the response of th¢ , 
easily, it becomes a simple matter to check the trument 
at frequent intervals and to apply the necessary rection 
These facilities are easily provided in electric ; 
tems. 

Most capacitance-type pick-ups are designed t trans 
ferred from one location to another—to be calibra 
mentally as often as desired. It is essential that 
provided for adjusting the pick-up in situ to co ndt 
the conditions under which it was calibrated. If the ¢qjj. 
bration curve for the instrument is linear, separa 
ing capacitors can be employed. 

The procedure then is to install the calibrated pick-y 
and to adjust it (without making any change in t! 
ciated electric circuit) until the deflection assumed by the 


nploying 
implifiey 
amplifi 

by ing 





indicating instrument is the same as that during the cali- 
bration. This assures that the operating conditions are the 
same as those during the calibration. If the calibratio; 
curve is not linear, the adjustment must be made in the gag. 


ing element rather than with separate adjusting capacitors 
but, once adjusted, the operation of the circuit will 
the same portion of the characteristic curve as was t 
calibration. 

Over long periods of time one may expect greate) 


in the characteristics of the electrical than the mechanical 
components of the gaging system. Such changes can x 
detected and compensated if a small fixed capacitor is in- 
stalled with a switching device so that it can at any time 
be connected to shunt the pick-up capacitance. If at 
any time the deflection thus produced is not equa! to that 
produced at the time of calibration, the circuit should & 
adjusted. If an amplifier is used, such adjustment requires 


only the manipulation of the gain control; in oth: 
the adjustment is conveniently made by a shunt t 
cating instrument. With systems which must op: 
attended for Iong periods of time, it is convenient nsta 
such a fixed capacitor and a switching device 
make the required connection at intervals—for exa 
a period of one second once each hour. If any changes it 
performance do occur, such an hourly check wi sclost 
the fact and provide the data necessary for correctio! 
the recorded data. 

ELECTRON TUBE PRINCIPLES 

(Continued from page 272) 

however, especially if it were some distance away, 
is quite obvious that the energy in the wave decreasts 
rapidly with the distance from the original splash. \e 
the photoelectric effect, the ejected electron is kno 
of the metal at exactly the same speed as the electr 
originally produced the radiation. In Fig. 111B, for 
is shown an x-ray tube; in this tube a primary «© ectr 
traveling say at 25,000 miles per second impinges on ti 
target thus producing an x-ray. This x-ray is direct 
another metal plate outside of the tube where by) 
electric action it releases an electron (called se 


emission). Now, strange to say, this secondary electron W! 


be ejected at exactly the same speed as the prima elee 


tron, i.e., at 25,000 miles per second. And this is 
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4 wL) RELAY BULLETINS 
(wl) 
d te trans. ~ 
brated exper These Bulletins are available describing light, 
nat ‘ oh . . . 
~~ a intermediate and heavy duty relays in various Wh Th B . 
orrespond t rae 
. If the cal types and contact combinations. Send for the sf ese asic 
parte dja data: baalanann a tatenesh Se. yeu. Principles of Micro Switch 
i Aga Design A Ye 
8 in the asso. esign. ssure ou + * . 
sumed by the i . 
ring the cali ¢ Longer switch life than you will ever need 
itions are the RELAYS + RESISTORS - RHEOSTATS ¢ Absolutely precise and accurate repeat operation 
ie ¢ } + : . e 5 ¥ ™ 
Je j “igs Electric control (WL) devices since 1892. ¢ 40 grams contact pressure—lightning-fast contact action 
oy SEC 825" ward LEONARD ELECTRIC CO., 38 SOUTH ST., MOUNT VERNON, NEW YORK ah ake pet . 
ig Capacitors [he Micro Switch design incorporates features that provide desirable 
will] vj performance characteristics not generally found in snap-action 
. as was th Jwitches ... The heat-treated beryllium-copper spring bends in the 
same direction as the operating plunger—no reverse bends—no 
eater cl : “pailcan” action... gives longer switch life—accurate repeat action 
: ~e /nnouncing —increased contact pressure—lightning-fast action—millions of 
le! Anica G Operations On minute movement and force differentials. It is the 
nges can be choice of design engineers for all types of sensitive instruments 
pacitor is j 
te ; oe . ; ier a, cial shape of these grooves, which 
at y ume * Ps > reduces friction to a minimum 
e If i S | f < et es “8% Stationary 
aqua! to tha : a HS commet. i y 
itso | Wie re ft 
rent requires FIXTURES : SS! fine silver. | & US 
ther circuits a The beryllium-copper spring is made This con- 4 
: sae in one piece. Itis gauged to anaccu- struction ~ 
t to rate.0085” thickness;hashighresist- assures : 
operate u ance to fatigue. Ends of compres- ample over-load capacity and maxi- 
> nat sion membersare finished to provide mum heat dissipation. 
ent ste an extremely low friction bearing. Oo orate 
v Contact end of the spring is fitted oe cab AFH). 
se F with a riveted radius type contact p: nepali H- 
“4 of 99.95 % fine silver. It moves at a 18" i —— I 
changes speed of 3/1000ths to 5/1000ths Sttin-es® Bigey | 
wi ale of a second with a rolling action ea Serene 
orl and extremely high pressure. moulded _star- t ic: 
Short spring shaped Bakelite ‘ >) 
members piv- head. Provides long over-surface 
Th ne ; . os . otin patented _ path to live parts, thus insuring free- 
, , ese new high production precision fixtures open up new vistas V-grooves of dom from electrical leakage. Plungef 
4 | in the field of second operation work. Their accuracy will meet the this sturdy head cannot rotate within the hous: 
i . . . . brassanchor. ing, insuring against any variatios 
most rigid requirements; their fast action leaves nothing to be Note the spe. _in point of operation. 
fay, sinc desired; their compactness does not waste a fractional inch. They 
e k ise . ’ P * 
eS” EB ill hold @ 1” bar so firmly that a strong man cannot turn it with if you would like to know more about the 
ash. Yet, in ; E > a P . Micro Switch, send for the two Handbook- 
Std ae 12° pipe wrench, yet in conjunction with a suitable pressure Seisieen Shatveted- havea. Oy, whith 
etron whic reducer they will gently handle the most delicate of precision parts covers Micro Switches in general; and No. 
for examp! as low as 1/16” in diameter. Automatic ejection of finished work. 70 which deals with specific Micro Switches 
Fosse 2 ° for in aircraft. 1942 
ry ct ‘ Write for mew Mead Air Power Catalog. deans 
ges Micro Switch is a trade name indicating manufacture by Micro Switch Corporation 
rected u} MEAD ! 
2 by phote 
by SPECIALTIES MS 
lectron COMPANY 
imary ele Manufactured in FREEPORT, Illinois, by Micro Switch Corporation 
og J 15 SO. MARKET STREET Branches: 43 E. Ohio St., Chicago «11 Park Place, New York City 
is ’ Dept. 54-JA ©® CHICAGO 6, U.S.A. Sales and Engineering Offices: Boston + Hartford + Los Angeles 
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NEED THERMOCOUPLE WELLS? 
Call on TRINITY’S experience in building 
Thermocouple and Thermometer Test Wells 
for the Oil Refinery and Chemical Industries. 


When quality of workmanship is of prime 
... Specify TRINITY. 


importance 
TRINITY EQUIPMENT AND 
SUPPLY COMPANY 


136 Liberty Street New York, N. Y. 


VOLUME 
IS WASTE 


IGHTNING typifies volume of electricity, but it is useless to man because he can't 
CONTROL it. 


signifies little unless accurate temperature or pH control is constantly maintained. 


In like manner mere volume in heat treating or chemical industries 


Potentiometers are supreme for this purpose and the heart of these instruments, for a quarter 
century, has been in most cases the Eplab Standard Cell. It is 
a “yardstick” 
The first commercial cell of its type made in America, it has 









for translating voltage to temperature or pH. 


been constantly improved by research. Practically our entire 


production is devoted to this one product. 













THE EPPLEY LABORATORY, | 
SCIENTIFIC INSTRUM 


NEWPORT, RHODE ISLAND, ~) 


* 
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matter how far the x-ray has to travel. 
This is, indeed, a strange phenomenon. It is ‘ 
though a lifebuoy were dropped from a height 
in New York harbor and the resulting way, 
across the Atlantic lifted a similar lifebuoy 1 
the water at Brest, France. This sounds prep: 


Sesh f° 
X-RAY 






PRIMARY 


ELECTRON 
Fig. 111B. Showing how 
of electrons in an x-ray 
converted into a beam « 
and then re-converted 
stream of (secondary) 


at P. 

it not? Yet, that is exactly what happens in th« 
photoelectron. In the photoelectric effect, the 
ejected electron is always a function of the 
the radiation causing its emission. 

It was this strange action which formed th: 
Einstein’s famous paper in 1905 in which h« 
that the general phenomenon of the conversi: 
energy could be better understood on the assu 
the energy of light radiation was not distribut: 


ously in space, as assumed by the wave theory. As radiat 


spread outward from a source he imagined it 
localized in small bundles or energy quanta, wl 
further and further apart as they receded from 
while, individually, each bundle remained uncha 
It is needless here to recount the subsequent ex 
tation in this field since Einstein’s bold suggesti: 
the work 
ity of his idea. And it is on 
electric effect is explained today. 
x-rays, he 


this basis that 
Radiant energ 


undiminished in strength. When these light q 


counter matter 
none at all. They cannot part with only a port 


energy involved. The energy involved in each light qu: 


is a function of the frequency and, as explained 
equal to hy where h is Planck’s constant and » 
quency of the radiation. The light quanta are call 

The photoelectric effect, therefore, involves 
change of energy between photons and electrons 
cause the energy of the photon is dependent upo 
quency of the radiation, the photoelectric effect : 
pendent upon the frequency. This explains the c 
tivity of the phototube, since color is 
frequency. This, however, is a matter which w 
cussed later. 

We have endeavored here to present briefly so! 
more important theoretical considerations whic! 
photoelectric action. These facts do not have to 
stood if one is only casually interested in the app 
phototubes, but they provide a rich background f 
thorough appreciation of the action and the poss 
photoelectric devices. Now we shall consider th« 
these principles upon the characteristics of the 


CHAPTER XVII 
OPERATION AND CHARACTERISTI( 

OF PHOTOTUBES 
The curious relation between the frequency of 
dent light and the speed of the ejected electr 
photoelectric effect which was described in the 
chapter has an important bearing upon the appli 
the phototube, for it provides the latter with 
sensitive response characteristic. This sounds rat! 
hat” but it is only the technical way of saying 


done since that time has only confirmed 1 
at, ultraviolet rays, etc.) is assumed to consist f 
particles or quanta which travel through space, uncha 


they give up either all of their energy 


a manifest 
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You know exactly how much 
‘ draft—when you look at the 
ye ream Hays Draft Gage; exactly—not 
nln wi approximately. 
om a Amazingly tough yet soft and 
) ns pliable, the colon leather dia- 
phragm withstands’ constant 
the ? flexing, yet sensitively records 
ie m .0025 inch water. It lasts indefi- 
# frecuens nitely—no effects from sudden 
overloads. 
1 th Its dependable accuracy 
hh quickly established the Hays 
re Draft Gage as the standard of 
-YSl( performance—it was the first of 
3sul the dry type gages. 
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Coarse grit 
magnified 100X 





bs Won't Chip, Score or Groove! 
fe + at , Made in % 
the effect « Boies valuable toolmaker’s COARSE 
1e 7 totu 3 tim Sz a ¥ o.. 4: (100 grit) 
wu, aves set-up man’s time. MEDIUM 
‘Als amazing hone keeps cut- (220grit) 
A | ting edges keen on high speed FINE (8°0 grit) 
PIC: | steel or hardest grades ce- WEST AFRICAN DIAMOND DUST 
mented carbides, ... Prompt 6 grits, crushed in our ow! 
: : 1] ‘ Re : ’ shop. Gem grade—$3.25. Lap- 
of e intwe delivery! ,.. Priority required! ping grade—$1.80 carat 






lh DIO 


— ; (Div. Oscap Mfg. Co.) 
‘i 207-B West Saratoga St., Baltimore-1, Md. 
RS Also through Mill Suppliers 











Your copy Is 
READY FOR MAILING 
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It may help you solve many 
unusual engineering problems 


4 
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This new 44 page book gives you the com- 
plete story of “SPRING-LIFE” BELLOWS 


By engineers—for engineers—yet with information and 
illustrations so comple te that all men engaged in manu- 
facturing can gather a full knowledge of bellows and 
their functions. 

This informative book tells all about “‘Spring-life” 
Bellows, including their characteristics, construction 
and applications, plus data charts and other valuable 
information to al st engineers in determining bellows 
requireme nts. 

Also included in this book are illustrations and informa- 
tion pertaining to C ‘ook Pressure Detector Swite ‘hes 
and an introduction to the Cook ““MetaLastic Divi- 
sion. This catalog will be sent to you immediately upon 
receipt of a request on your letterhead. 

Remember, if you have an extremely urgent problem, 
wire or ‘phone us, and we shall be pleased 
to quickly dispatch a field engineer from 
one of our district offices to assist you. 






2700 SOUTHPORT AVENUE © CHICAGO 14, ILLINOIS 
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with WIRE WOUND 
poTENTIOMETERS 


WHEN IT’S OVER “OVER THERE” 


IRC will be in a specially favorable posi- 
tion to supply all types of Resistance units 
—of high Quality and in 
large Quantity—and at low 
costs made possible by 
mass production. 


iY 4, 


é 


) 
GS 
* Hane 


INTERNATIONAL RESISTANCE CO. 


401 N. BROAD ST., PHILADELPHIA 8&8, PA. 


IRC makes more types of resistance units, in more shapes, for 


more applications, than any other manufacturer in the world. 


. ' 
\e 


DESIGNED for INDUSTRIAL APPLICATIONS 


@ COMPLETE STANDARD LINE AVAILABLE 
@ SYSTEMS FOR SPECIAL REQUIREMENTS 


ACCURATELY CONTROL 


sequence and duration of 1 to 
1000 consecutive and overlap- 
ping machine or process functions 


SYNTHETIC RUBBER 
PROCESS TIME CONTROL 
. .. one of largest built! 
Synchronous motors drive 
twin shafts, each with 41 
cams and mercury switches 
to control operations. Cam 
= may be adjusted in 

s from 6 to 18 min. 
Color coded flow chart, indi- 
cator lights, common term- 
inal board, enclosed cabinet, 
internal lighting and lock- 
handle doors are features. 


SEND FOR “TC” 
DATA SHEETS 


AUTOMATIC TEMPERATURE 


CONTROL COMPANY, INC 
34° E. LOGAN STREET, PHILA, 44, PA 
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The book you’ve been waiting for— 
MAINTENANCE AND SERVICING 
ELECTRICAL INSTRUMENTS 


See 








phototube is able to distinguish between light 

colors, just as the human eye does. Thus in th 
cigars, a phototube can be mounted in front of ; 
veyor carrying the cigars so that if a cigar 

or darker shade of brown than that of the 

happens to pass by, the phototube would inst 
it and through a system of relays and contro! 
cause that “off-color” cigar to be removed fr: 
veyor. Naturally, this ability of the phototube to 
between light of different color is one of its m 
characteristics; for one thing, it provides us wi 
of matching colors far more accurate than a 
have known before. 

This aspect of photoelectric phenomena is 
like that of a photoelectric plate or film. Ever 
seriously addicted to amateur photography ki 
photographic plate will be “spoiled” if exposed ti 
weak white light for a brief instant, whereas 
plate can be safely handled in the relatively ; 
light of the photographic dark-room. In the sa 
phototube can be made which is enormously mor 
to, say, blue or green light than it is to red lig! 
red light in the world would not actuate such a tube! 
phototubes are made which will not respond 
light at all but which are highly sensitive in the 
region. 

The difference in the color response of variou 
tubes, as may be suspected, is due to differen 
cathode surface. As was pointed out in an earlie: 
some substances emit electrons under the actio: 
more easily than others; some substances requir 
relatively high frequency (ultraviolet light for 
for the emission of electrons while other substa 
copious emission with light of relatively low frequ: 
substances naturally would be used on the catho 
of a tube intended to respond to red or yellow lig 

The physical principles underlying this select 
are quite complicated and involve an intimate 
of the forces which hold the atoms and electrons 
materials together. As was disclosed in the preced 
ter, the radiant energy travels through space i 
or bundles, each of which can be handed over to 
its entirety but not in part. If, in a specific case, t 
in a quantum is equal to the force which holds a1 
in place, this quantum will be able to knock such a1 
out of the material in which it resides. 

The forces with which electrons are held in 
various substances varies widely, just as the for 
which atoms and molecules are held in place vary 
different materials. The energy in light, we have 
is also a variable, increasing with the frequenc 


l 
I 


radiation. Therefore, it is obvious that if the frequency o 


the radiation is high enough, the energy will be 
to overcome the electrical forces between the elect 
atoms of the material exposed and emission will ta! 
This is perhaps a crude way of explaining it but, 
ciple, this is essentially what takes place. 

Now, it becomes evident why certain substances a 
more suitable than others for photoelectric emissi* 
viously, those materials in which there are a large 
of free electrons more or less loosely bound will 
high emission; the metals, for example, would be « 
to be better emitters than the non-metals and this, a 
is the case. Even among the metals, however, ther¢ 
siderable difference in the forces holding the elect 
place and it has been found that the alkali metals 
the greatest emission with the lowest radiation 
These, therefore, are the metals most suitable for 
electric work. 

In general, for pure metals, the emission has been 
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Bes an act of bravery to possess a 
radio receiver in any country occu- 
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Some day, the experiences Jackson 
has been having in developing and 














lire t ¢ ‘ : ‘ : : ; 
* pied by the Nazi or the Jap today. supplying electrical testing equip- 
st It’s an act of heroism to operate a ment to our armed forces will be 
jue transmitter. reflected in finer products for you. 
LO 7 ~ , > - 
. What could prove more convinc- In the meantime thousands of pre- 
ot ingly the total value of radio than war Jackson Instruments are still 
the frantic haste with which it is performing to keep ’em listening on 
5 i silenced or controlled by the Totali- the home front. The dependability 
“*s tarian? Or its use by the Free Peoples this represents is but another benefit 
iy in directing their offensives...and of the “hidden” plus of all Jackson 
t] in keeping their will for victory Instruments INTEGRITY OF 
an ¢ living and single-purposed? DESIGN. 
an 
n 4 
= If your Jackson Instruments should need cali- 
; bration, checking, or parts replacement, write 
% to the factory. Maintaining products bearing 
a the Jackson trade mark is a responsibility that 
‘ag we will fufill as promptly as possible under 
es wartime conditions. 
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The high static pressure capa- 
¥ ; city of “PRECISION” SEVERE | 
; > SERVICE MANOMETERS is at- = 
© tained by use of Gauge Glasses | 
‘ of high tensile strength and i: 
slow thermal expansion, 
~ mounted in special “block” fit- *¥ 
tings. The drawing shows how 
cap screws draw the parts of 





a TTNNTATITVATITAATIT 


oO aR un 


the fitting together in a 





“straight-line” action, jamming 
the packing in the stuffing- 
boxes without the torque stress © 
7 on the glasses that is a disad- : 
: vantage of the more conven- 
tional threaded-gland fitting. 
: All Manometers must with- 
stand a static pressure load of 
500 p.s.i. before leaving the 
factory. Available for either 
mercury or water. Write for 
Bulletin “D”. 
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to be related to the position of the metal in ¢ 

table. The large number of photoelectrons re 
metals is attributed to the presence of the fre 
within the metals. These free electrons, which 
cussed in Chapter I, are relatively free to mov 
metal lattice and are responsible for the hig! 
conductivity of metals. A smaller surface photo 
fect is also found for insulators but the abse) 
ductivity makes it difficult to obtain continuou 
since as a result of the loss of electrons at the s 
insulator soon assumes a positive charge. 

It is not necessary here to enter into a tec! 
cussion of the theory of photoelectric emission 
two facts should be mentioned. One of these is 
usually referred to as “surface work.” This is 
given to the amount of work required to enable a 
to overcome the forces which exist at the bounda 
surface. It might be compared to the work requ 
molecule of water to overcome the surface tens 
liquid in the ordinary process of evaporation. A 
known, the surface of any liquid is characterized 
face tension which tends to keep the molecules of { 
from leaving the liquid. When such a liquid is h 
increased kinetic energy given to the molecul 
some of them—those very close to the surface 
into the space above. 

A similar condition exists at the surface of a 
far as electronic emission is concerned. Whether | 
sion is thermionic or photoelectric, before an elect 
be emitted, it must acquire sufficient kinetic energ" 
come the surface tension of the metal. It is evid 
fore, that metals having a low surface tension, 
function as it is called, are most suitable for ph 
work. 

The surface work of the principal alkali met 
in photoelectric work is given as follows: 


u 


Lithium . .2.36 volts Potassium ...1.5: 
Sodium. ...... 1.82 volts Rubidium ...1.45\ 
COeRIOM: 4.00% 1.36 volts 


From this it will be apparent that unless for s 
cial reason it is not feasible to do so, caesium s! 
used for the cathode of a phototube. Its surface wo 
low that quanta of little energy content may be 


excite it and this means that it will be sensitive to t 


end of the spectrum. Today caesium is used more tl} 

other for phototubes responding to ordinary light 
There are a number of other factors which deter 

performance of a phototube; aside from the metal 


character of the surface itself has an important beari 


Today the plain metals are rarely used for the 

surface. They are nearly always used in the “sensit 
thin film condition. There are two main processes 0 
tization. The first process was devised more thai 
years ago by Elster and Geitel (who had made t 
vacuum phototubes in 1890) and for some twenty 

was used in all emission tubes adapted for the 


spectrum. It consisted in making the metal the cathod 
glow discharge in hydrogen. It is accompanied by a « 


in the appearance of the surface; thus the white ! 


potassium becomes matt and assumes a characteristi 


green color. The increase in sensitivity obtained | 
“flashing” process is quite remarkable, as is shown 
curve in Fig. 112. The second process, developed du: 






































; at 
| \ AFTER 
FLASHING 
: an 
ow Fig. 112. Curves 
= the effects of 
»* / i upon the sensitiv! 
2 cathode surface. 
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platens, hot plates, vul- 
canizers and similar units 
where trouble-free tem- 
perature control is of par- mt ee gene’ 
amount importance. j — MR. TOPS—THE PARAGO Boe 
* e ——« SYMBOL OF TOP QUALITY 
With *1/10° sensitivity 
and a range from sub- 
iad 600° F. Fenwal In your plant, automatic 
Thermoswitches ‘ten a electric time controls 
day’s least expensive and — paianaaidiabiitiadh::.. 
most efficient heat (and = multiply manpower effic 
cold) control. iency ... save countless 
Write for new catalog. hours. They are doing it 


THE BLOCKHEAD THERMOSWITCH ast Chomaemnnt oF pants in 


tec} 
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scores of industries. 


Check these facts with your top 


source ... Check with Paragon, the 


7 INCORPORATED 


firm which pioneered in designing and 








building time controls and has been 
i ASHLAND, MASSACHUSETTS 
laa n Avis ; accumulating a vast fund of ‘“‘elec 


trical know how”’ since 1905... the 
: ; firm whose engineers are prepared to 
Time Switches . 
300 Series make suggestions on your problem... 
eeeeaoeoceaeaeoeeeeeee8 r : 
46206 C OOOO RO CMTS Se te BM the firm that builds a wide range of 
time switches, industrial timers, inter- 
val timers and time delay relays. 


> to the red ° 
: Submit your questions today. 
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ae NEW SOLENOID TYPE RELAYS 

al used th Paragon has just developed a new 

nt be aring. improved Solenoid type relay, avail 

he cat able for early delivery. Write for 

nsitizea ; ; 

*" : design and installation data. 

2S Of Sensi- 

than fo \ 

agra i MARINE CONTROL PANELS 

ty 3 As a contribution to the war pro 

= R d t tion duction program, Paragon is building 
rd u nstructio 

ith gees oo . supply panels, power and _ lighting 


high torque move- 
ment, and watertight, 
dust-tight, fume- q j ARGAMAMARARRS = cator panelsand other electrical equip 
proof mounting pro- ment. Ask for a Marine Catalog. 
vide for consistent 

accuracy in these 
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distribution panels, Lube alarm indi- 


electric thermometers. Installation is simple, : : 
and thermo-bulbs may be oe — —_ ra 35 WEST VAN BUREN STREET 
essary up to a maximum of 1 eet from the : 
indiealines instrument. The complete range of > CHICAGO 5, ILLINOIS 
types includes single and multi-point thermom- 
eters, up to 14 points, both switchboard and 
portable types. 
Ten types of thermo-bulbs are available for use Sitesi 
with Alnor thermometers, for use indoors or out, Type Relay 
under pressure, in moving air, for use in liquids, 
bins or tanks, and for laboratory use. Write for 
bulletins with complete data. 


ILLINOIS TESTING LABORATORIES, INC. Oram ee 


 eLe 
420 NORTH LA SALLE STREET guioers 
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last «ight years, consists in exposing the meta] 
time to the action of vapors containing oxygen 

There are other processes or preparing catho 
by the deposition of thin films of alkali metals 
tive metals (platinum for example) or upon th: 
of the tube itself. Pure sodium may be deposit: 
inside of a tube by passing an electrolytic cu 
through the glass. The bulb is immersed in a } 
of sodium nitrate; the current flowing fron 
through the glass (which must be soda glas 
the pure sodium on the inner wall of the bulb. P 
however, is not a very efficient photoelectric emit 
cells prepared in this manner are not sensit 
they are very permanent in their performance. 

So much for the formation of the cathode surf 


little matters do not concern the ordinary use of th 
@ PRODUCTIMETER since they involve only design and manufacturin 
ations but they are of general interest in that 

° : ~“ 

that does a BIG counting job! some insight into the scientific basis for the e) 
the phototube. The phototube is a simple enoug! 

’ : ’ its make-up but it is quite apparent even from t 

Use it on small machines, such as drill presses, bench treatment of it given here that its design is | 
prey scales, conveyors, food packers, cutters, folders profound physical, chemical and electrical knov 
--. If @ sturdy counter, especially recommended for light is at once the product as well as an importa 

service...it has a die cast base, steel stamped cover, oil- scientific research. 

less bearings, % legible black figures...available in sizes The spectral distribution curves for the alkali » 
to count from 1000 to 1,000,000. shown in Fig. 113 which gives the relative spectra 
There's a unit in the Productimeter Line to meet practically as a function of the wave-length of the incid: 


. . . i ay be see ssess the longest w 
every need, in Stroke, Rotary, Lineal and Electric models. Caesium may be seen to possess the longest 
sensitivity, even to red radiation. 

_ ‘ — - Where sensitivity in the ultraviolet region sired, 
Sutatin Me. 190-2 concise, coudy verevence cateteg various metal surfaces whose work function thresholds lie 
of 100 standard models — sent at your request. peeas : : A 

within that region can be used. It is frequently advisable 
that an ultraviolet sensitive phototube be insensitive to 
visible radiation; hence the use of such metals as tantalum, 


DURANT MANUFACTURING COMPANY titanium and thorium. The spectral curves for these metals 


1914 N. Buffum Street PRODWETEIMETERS$ 194 Eddy Street are shown in Fig. 114. 
Milwaukee, Wis. THE SPEEDOMETERS OF NDUSTAY’ Providence, R. I —eE 

, *Those interested in pursuing the subject of phototube design 
further are referred to “Photoelectric Cells’ by Campbell and 
Ritchie, (Pitman Publishing Corp., New York) and to t 1D. 
ters on phototubes and photoelectric phenomena in M 
“Electron Tubes” (John Wiley & Sons, Inc., New York 
“Phototubes and Photocells” by L. R. Koller, Instrum: 
1938, page 51; also “A Review of the Development of 
Phototubes” by Alan M. Glover, Proceedings of the I.R 
1941, pages 413-423. 
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NORTON'S new catalog is ready! If you buy or 
specify electrical instruments, you need a copy in 
your files, Contains illustrations and descriptions of 
Norton Precision-Built Ammeters, Voltmeters, and 
Wattmeters. Also complete data and specifications. 








Write for your copy today 
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621 E. 4th Street 


1309 Capitol Ave 
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PULSAMETER 


MECHANICAL 
TYPE 


The “Pulsameter" is an_ instru- 
ment for measuring the differen- 
tial pulsation amplitude across an 
orifice meter. Where orifice me- 
ters are located near Compressor 
stations, pulsations are usually 
present. The magnitude of these 
pulsations depends on local con- 
ditions—number and kind of com- 
pressors, piping layout, etc. The 
Pulsameter" can be connected to 
the orifice meter gauge piping 
and for the condition of measure- 
ment the maximum differential 
pulsation amplitude and recorded 
differential reading on the orifice 
meter are determined. From this 
information the accuracy of the 
orifice meter under the pulsating 
condition is indicated. 


Catalog 26A—Gas Testing Instruments 


Main Office and Plant 
TULSA, OKLAHOMA 
—— Branch Office 


Houston, Texas 


Ph. 4-8144, L.D. 581 


. Ph. Fairfax 5814 
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SCRAOCATIONS 
100% DEPENDABLE 


Thousands of Dillon Dynamometers 
in use in scores of mechanical set- 
ups, testing tensile strength of ma- 
terials, static loading, etc. Fit into 
“tight” spots where correct tension 
or strength must be determined. 


A VERSATILE INSTRUMENT 


May be used with overhead crane, block and tackle, turn- 
air hoists, etc. Tests strength of castings, rope, 


ch plastics, hundreds of other items—Direct reading in 


+ 





WRITE DEPT. RD FOR LITERATURE 


DILLON & CO., we. 


Pe is. May be used in any position. 


EASY TO USE—ACCURATE 


t injured by overload. Compact—measures only 
1'x614"x3” and weighs 8 lbs. 4 oz. Capacities up to 
00 Ibs. Shatterproof crystal, maximum hand 
llpped with shackles. Immediate delivery—low 


5410 W. HARRISON STREET 
CHICAGO, ILLINOIS 

























































here are THREE stars in the Simpson Optical Manufac- 
turing Company's Army-Navy "E" Flag now. The third star has just 
been awarded "in recognition of continued outstanding production.” 
But to us it means more than just that. It means that we are pro- 
ducing, to the best of our ability, the kind and quantity of optical 
materials which will help shorten the war, bring our boys home 
sooner, and prevent needless sacrifice of life. It means that we stand 
100% behind our armed forces. It means that we reflect the 
aroused spirit of a defiled democracy. And we know, that with this 
spirit predominating, the cause of freedom shall not fail. 


OPTICAL MANUFACTURING CO. 


3200 WEST CARROLL AVENUE +- CHICAGO 24, ILL. 


* 
PROJECTION LENSES * CAMERA LENSES = PRISMS 


OPTICAL FLATS * SOUND OPTICAL SYSTEMS AND 
LENS COATING FOR LOW REFLECTION 













May 1944—Insiruments—Page 297 




















































\Q ways to save Qe 
‘TIME & MONEY! : 
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For WOOD - PLASTIC - METAL 


New circular explains, illustrates 18 ways in which the Mead 
Industrial Burring Machine saves time and money—also con- 
tains special Grit Guide. Every industrial plant needs this ‘“Jack- 
Of-All-Trades” machine. Your burring can be done in “free 
time”’—install these machines by every machine tool which leaves 
burrs. Grinds, finishes both outside and inside cut-out openings. 
Immediate delivery in most cases. Write for the informative 
Money-Saving circular now. 


MEAD SPECIALTIES COMPANY 


150 SO. MARKET ST. 


Dept. 54-II, CHICAGO 6, ILL. 






How to 


FIGHT “BULLS” 
that come from 
careless counting 





elies on miscounts and 


“bulls” und to charge in and 
guesswork... bul ergules _,.until mistakes are 
an rg epoeitle by up-to-the-minute ve 
ane fit your war-production machines an 
oomaeoh with Veeder-Root Counting pepe 
oii delays, shortages and over-runs oe oa 
it departmental co-ordination toware l - 
all 1. S00 how you can make your work — 

ae ...by counting on Veeder-Root. Write. 


VEEDER-ROOT 


INCORPORATED 
HARTFORD, CONN. e 
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Now, let us see what this color sensitivity cha 
of the phototube actually does to the tube’s perf 
practice. As might be expected, the color sensiti 
phototube is quite different from that of the 
and, of course, it varies widely depending upon { 
cathode surface used. Certain tubes are designe for yy 
in the ultraviolet region while others are suitab|> for Use 
only in the red or infrared. Just as it is possible to make 
photographic plates which are sensitive to cert: 


teristic 
AaNce jp 
of the 
an eye 
type of 


ie egiong 
of the spectrum, so also is it possible to make totubes 
sensitive to some particular part of the spectrum. Funda. 
mentally, the color response is determined by the cathode 


surface but a standard tube can often be provided with 
light filter to effect the same purpose. 





























VIOLET | 

~ VISIBLE SPECTROM LReo 

re | i l ij 

300 400 $00 600 700 800 
Fig. 115. Sensitivity curve of a certain group of phototub m- 


pared to the sensitivity curve of the human eye. 


In Fig. 115 is shown a curve representing the color sensi- 
tivity of a number of well-known commercial phototubes 
together with another curve on the same chart and drawn 
to the same scale, representing the sensitivity of the human 
eye. As will be seen there is little similarity between these 
two curves, the phototube having an entirely different char- 
acteristic from that of the eye. It is highly sensitive in the 
red region of the spectrum and also in the ultraviolet. 

Comparing these two curves, the one for the phototube 
and the one for the eye, at first it might be assumed that 
this difference in shape might be unfavorable to the use 
of the tube as a device for the measurement of color. If 
one stops to think about the matter, however, it will be 
apparent that as far as the phototube is concerned, this 
type of curve is very well suited to the use of color measure- 
ment, for it will be noted that except for those regions in 
the extreme violet and red, the curve is linear. Consequently, 
if the color of the incident light is varied uniformly from 
violet to red, through the entire range of the spectrun, 
and assuming that the intensity of illumination remains 
the same, there will be a gradual increase in the current 
output of the tubes which can be interpreted in terms of 
color or wave-length. This is purely theoretical. Color- 
meters using the phototube are not as simple as this but 
the principle will be obvious. 

For most industrial uses, the ability of a phototube t 
discriminate between light of different color is of less 
importance than high sensitivity in some particular regio! 





of the spectrum either within or outside of the visible 
range. In sorting operations such as the inspection of cigars 
referred to above, color discrimination is necessary but 


only to a limited degree. In most instances all that is neces 
sary is that the tube be responsive to changes in ti 


. laine 


erace 


Fig. 116. The simple elements 
a photoelectric smoke indi 
and alarm. 
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Thickness of panel is no barrier to the quick, easy 








installation of the new DRAKE No. 85 Jewel Light 
Assembly. Whether it’s a 14 inch or a 1/16 inch 
panel, or practically any thickness in between, all can 
be accommodated. Lamps are made accessible by sim- 
ply removing the fibre washers. 


The locking, vibration-proof, slip-fit bezel (jewel 
holder) can be removed, and the lamp replaced with 
the tingers! No wrench or tools are needed. 90° turns 
to right and left bring total black-out or complete, 
even illumination over entire surface of jewel. Partial 
turns produce any density of light desired. Check up 
on these and other superior fea- 
tures of DRAKE Patented As- 
semblies. Have you sent for our 
newest catalog? No. 85 TYPE 


PILOT LIGHT ASSEMBLIES 
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ion remains : Tur Arnold Engineering Company ts 


the current ; 
in teen thoroughly experienced in the production 


ical. Colori- of all ALNICO types of permanent magnets 
a ae oe including ALNICO V. All magnets are com- 
pletely manufactured in our own plant 


yhototube t 
under close metallurgical, mechanical and 


When you want magnetic control. 


accurate and depend- 
able automatic temperature 
or humidity control forIndustri- 
al Processes, Heating or Air Cond- 
itioning Systems, call in a Powers 
engineer, With over 50 years of ex- 
ment perience and avery complete line of 
mr self-operating and air operated 
controls we are well equipped to 
fill your requirements, 
Write for Circular 2520 
2734 Greenview Ave., Chicago 
Offices in 47 Cities —See 
your phone directory. 


THE ARNOLD ENGINEERING (‘OMPANY 


THE 147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 
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LIQUIDOMETER Ziré feu 


“THEYRE ALWAYS DEPENDABLE 


100% automatic. 
No pumps, valves, or auxiliary units needed 
to read them. 
Models for either remote or direct readings. 
Accuracy unaffected by specific gravity of 
tank liquid. 
Approved by Underwriters’ Laboratories for 
gauging hazardous liquids. 

Write for complete details 


THE LIAUIDOMETER fore) 1 


36-27 SKILLMAN’ AVE. LONG ISLAND CITY, N. Y. 
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1-D INSTRUMENTS 
are used in making BLOOD PLASMA 


In their unprecedented task of producing countless gallons 
of blood plasma, leading pharmaceutical manufacturers use 
H-B Red-Top Thermo-Regulaters and Relays in both 
freezing and drying operations. These instruments are 
chosen for this vital service because of their record of 
accuracy and dependability. 

If you are interested in precise, automatic control of tem- 
peratures, write for full details on these unique instruments. 
H-B INSTRUMENT COMPANY, 2525 No. Broad Street, 
Philadelphia 32, Pennsylvania. 


DOUBLE 
THERMOMETERS + THERMOSTATS Ge ay 
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WAVELENGTH IN ANGSTROMS 
Fig. 117, Curve showing the effect of the material of 
lope of a phototube. The full curve shows the frequenc 
curve of a tube with a quartz envelope while the dort 


shows how the sensitivity drops off at the high freque: 
a glass tube is substituted for the quartz tube. 






































RELATIVE RESPONS' 


tensity. Thus in a smoke indicator, a phototul 
stalled in the side of a breeching or stack resp: 
varying intensity of a beam of light transmitted 
smoke flue. The fundamental principle of such a 
shown in Fig. 116. In this case the intensity of 
is indicated by a milliammeter (calibrated in tern 
density) in the plate circuit of the vacuum-tub: 
which is provided with contacts for operating an 
when the smoke density exceeds a predetermined 
In cases where a phototube must respond to 
radiation it is not only necessary to provide a cat 
face with the proper characteristics, but the prop 
glass envelope must also' be provided. In Fig. 117 
a curve representing the color sensitivity of a 
designed to give a high current output when < 
ultraviolet radiation. The tube, however, must bh 
quartz if this ultraviolet sensitivity is to be atta 
quartz will transmit ultraviolet radiation. If this 
is provided with a glass envelope, the response 
be that shown by the dotted portion. The glas 
nearly all of the ultra-violet radiation, permitt 
light energy from reaching the cathode surfac 
violet phototubes are useful in scientific measurem: 
and in protective systems against burglary. 
These few instances will serve to indicate the 1 
the problem involved in the application of the | 
A knowledge of the characteristics of the photot 
sential as is also a general understanding of its ( 
Thus far, we have mentioned only phototubes 
is known as the photoemissive class—those of t 
vacuum type as well as the gas-filled. There are : 
however, other light sensitive devices, both tubes a 
which operate on a different principle from those d: 
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1 Cells 


sceriped 


In general, there are two other types of light-sensitive 


devices, one group known as photoconductive dev 
the other, photovoltaic devices. Of the photoco 


group, the selenium cell or tube is the most promin: 
ample. As is well-known, selenium has the peculiar p 
when placed in an electric circuit of changing its res 


in accordance with the intensity of light falling on 
mally, selenium exhibits a high resistance to the 


electricity but when it is illuminated, this resista: 


creases. The ratio between the dark and light ré 
may be as much as 10 to 25 times. 
This property of selenium has been known fo 


years, since 1872 in fact, but until recently little succ 


had in adapting it for use as a light-sensitive contro 


By a special technique of forming the selenium su! 
a vacuum and annealing it in a dry, inert gas, man; 


earlier difficulties have been removed and a stable 


ices and 


luctive 
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stance 


many 
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selenium tube is commercially available today. Its cold 


response compares favorably with many of the 


emissive tubes but its speed of response is cons! 
slower. Whereas the photoemissive tube can res] 
variations in light intensity of millions of cycles per 


the photoconductive tube is capable of responding 


changes of tens or hundreds of cycles per second. As 
ly built, selenium resistance elements are generally 
up in glass tubes filled with helium or similar gas a! 


a dark resistance of a megohm or more. 
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Never before has time 

and energy saving ef- \ 7 
fected by automatic > - WS 
counting been so vital to metasonatoees 
production efficiency. 


‘That is why the out- 
standing dependability 
“<4 and adaptability of our Mechanical, Elec- 
nue Pa ic, and Predetermined Electric Counters ae 2a aaa 
a = ny a Ree ee EVERY DAY we are shipping these precision pres- 
sure gauges to be used in place of dead weight 


t smoke 5 emis a ES Whether it’s coil winding at 10,000 turns 
nplifier 7 ae a minute, counting punch press produc- testers. They are accurate, dependable and easy 


rm bell e tion, or remote counting of varied opera- to read. Delivery—2 to 6 weeks. 
mit. : tions all over the plant, we have service- 
traviolet - : A proved instruments for the job. 
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RANGE FROM 0-60 Ibs. to 0-10,000 Ibs 
Experience acquired in years of special- 12” Dial 
— ization is available in the selection and ” 
Send for application. For suggestions just tell us 
Complete Catalog. | what you want to do. 
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mn. it. Nor- : salt, sugar, textile : OPERATE 


1e flow of & ay P and tobacco indus- 
tance de [|| «+» backs up your judgment when a tries. ” 
resistance 
you select Oster Motors © The Dietert Mois- 
a} tea : : , : ture Teller deter- 
for man} - __ This record is your assurance that you are dealing sniete, seaketene Goi. 


s was Pe with a seasoned, dependable source — that you tent accurately and if Send today for 
levice. "ate not “taking a chance.”. . . Illustrated is type rapidly by forcing ! full information 
ace in '  C-2B-1A, 1/100 H.P. model in current production ; | electrically heated air E and prices. 
f the i developed especially for aircraft use. Well adapt- through the test 
ee able to blower applications, under most adverse sample. Cost of oper- 
nd conditions. Designed for continuous duty to oper- ation is very low. 
— ate in high ambient temperatures (will z 
hoto- i | operate satisfactorily in a 90° ambient). 
ye , Ball-bearing-equipped. Built in an alu- 
minum dié-cast housing. 6, 12, 24, or 
115 volts DC; 115 volts AC. Let us 
help you fit this or other Oster motors / 
to your requirements, M-11B = AFANA 


John Oster Mfg. Co. of Illinois : ROSELAWN 
Department N-11 Genoa, lilinois : = 


iseful 
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INSTRUMENT SOCIETIES CALENDAR 








; City, Society and Secretary = Date Place Subject Spe 
Atlanta Georgia Society for Roger W. Allen, 376 Nelson May 22 To t n r oe. hg: 
Measurement & Control St., S.W., Atlanta tt a ree 
Baltimore Baltimore Industrial In- C. B. Willnecker, 6732 Dan- 
strumentation Society ville Ave., Dundalk, Md 
Chicago Chicago Society for A. J. Butler, 2626 W. 31st 
Measurement & Control Blvd., Chicago 
Cleveland Cleveland Instru- F. G. Meulenberg, DuPont 
mentation Society Exp’! Lab. 
Gulf Coast Gulf Coast Instrument I. H. Pierson, Roberts St., 
Maintenar Men's B mont, Tex 
Assn 
Hartford Hartford Society for Stephen J. Zelle, Whitney Chain 
Measurement & Control & Mfg. Co., Hartford, Conn 
Kansas City KC Industrial Instru Gordon H. Burke, 
mentation Society Burke Engineering C< May 30 To be announced 
Newark New Jersey Society for Robert H. Gray, 84 Centennial June 6‘% Essex House Electronic Pyrometry C. © Pats 
Measurement & Control Ave., Cranford, N. J Tagliabue Mf 
New York New York Society for H. R. Kalbfleisch, 114-35 May 31°! Building Trades Emp. The GE Electron Microscope Dr. C. H. } 
Measurement & Control No. Bivd., Flushing, N. Y. Ass'n, 2 Park Ave 
N. Indiana Northern Indiana Soc. R. W. Schreiner, 4 Waltham St. 
Measurement & Control Calumet City, Illinois 
Philadelphia Philadelphia Society J. E. Gambrill, 1317 May 17‘8 Engineers Club Instal'n and Oper'n of L. K. Spink, | 
for Instrumentation Spruce St Differential Flowmeters 
Pittsburgh American Society for L. M. Susany, c/o Carnegie In- May 22‘% Roosevelt Hotel Air-operated Control J. N. Swarr 
Measurement & Control stitute, 4400 Forbes St., Pgh. 
St. Louis St. Louis Society for Gus Holubeck, Union 
lfstrumentation Electric Co., Venice, Ill. 
Toronto Canadian Society for T. C. Agnew, Minneapolis- 
Measurement & Control Honeywell Reg. Co., Toronto 
Washington Instruments Society R. C. Darnell, 2400 May 24 Interior Dep't Electrical Recording Instru- GE Co. speaker 
of Washington *“S”’ St. SE, Wash'n Auditorium ments 








‘4)Meeting at 7:30, no dinner. ‘®)Dinner at 6:30, meeting at 8. (©) Dinner at 7, meeting 


at 8. )Meeting at 8, no dinner 





ATLANTA 


The April meeting of the Georgia Society 
for Measurement & Control was held on the 
24th at the Sidney Lanier room of Davison- 
Paxon Co. Atlanta, had a good attendance 
and was very instructive and interesting. 
Mr. Walker of the Westinghouse E.&M. Co. 
gave a fine illustrated talk on “Upkeep and 
Service on Motors” as well as a movie film 
on “Electronics and the Development of 
Electronic Appliances.” 

There was a misprint on 
April: the President’s name is 

—HOWARD M. 


this page in 


BAKER 


CHICAGO (CSTC) 


received after 
was mailed] 


[Press release April issue 


4000 enthusiastic and interested engineers, 
scientists and manufacturers gathered at the 
Stevens Hotel, March 30th, for the 2nd War 
Production and related problems Conference 
sponsored by the Chicago Technical Socie- 
ties Council. 

The Clinic was again held at the request 
of the WPB and in codéperation with the 
Board and the Army and Navy. 


At the afternoon session John Collyer, 
Pres. of the B. F. Goodrich Co., gave an 
illuminating talk on the development of 


synthetic rubber, facts on the present-day 


usage and performance and plans for to- 
morrow. 
Rear Admiral Carpender, Ninth Naval 


District, paid high praise to the conference 
in the evening speech, in which he reviewed 
the course of the war in the Pacific. 

Purpose of the conference was to expe- 
dite the war effort by providing a means for 
the exchange of mitually-beneficial ideas 
among engineering, technical and scientific 
socicties, and interested manufacturers in 
the Chicago area. 

In.a series of 33 panel sessions, all phases 
of war production and related problems 
were discussed. All panel discussions were 
led by recognized experts in their fields. 

The Council is composed of the represen- 
tatives of 36 societies. Its aims are: (1) to 
provide a medium for codperative action by 
the engineering, technical and scientific so- 
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cieties in the mid-west on matters of mutual 
interest which are beyond the scope of in- 
dividual societies or which can be performed 
better by coéperative action; (2) to provide 
means for more effective public service by 
the member societies; and (3) to cultivate 
greater appreciation by the public of the 





Let’s Have News Anyway! 
In spite of no meetings in summer, 
keep your Society in print! Secre- 
taries and Publicity Chairmen (and 
others) please send me items—even 


“personals’’—to run on this page 
which belongs to you. 
M. F. BEHAR, Editor 











technical and 
contributed to 


engineering, 
have 


part which the 
scientific professions 
human welfare. 

The CSTC is composed of two delegates 
from each member society including the 
ASTM, and Chicago Society for Measure- 
ment and Control. Those desiring member- 
ship or further information should write to 
K. H. Hobbie, Corresponding Secretary, Chi- 
cago Technical Societies Council, care Driver- 
Harris Co., 1140 W. Washington Blvd., Chi- 
cago 7, Ill. 


KANSAS CITY 

On April 12, a meeting: was held at which 
there was organized the Kensas City Indus- 
trial Instrumentation Society. Twenty-four 
individuals representing seventeen different 
firms in the Kansas City area attended. 

Officers and council were elected as fol- 
lows: President, Wm. A. Reichow, Minn. 
Honeywell Reg. Co.; Vice President, Wm. 
G. Eargle, Phillips Petroleum Co.; Secre- 
tary-Treasurer, Gordon H. Burke, Burke 
Engineering Co.; Council, H. B. Manley, 
J. F. Pritchard & Co.; R. Benninghoven, Re- 
public Flow Meter Co.; E, L. Burnett, Her- 
cules Powder Co,; Lew Mears, Sullivan- 
Mears Co.; E. A. Thompson, Minn. Honey- 
well Reg. Co.; E. J. Bumsted, Fluor Corp., 
Ltd. 

On April 26 the first general meeting was 
held at the Blue Bird Cafeteria, 3215 Troost 
Avenue. Our Quiz Kids, Paul VanValken- 
burg of Manning, Maxwell & Moore; Larry 


T 


Siler, Hercules Powder Co.: Joe § 
Aluminum Co, of America; G 
Phillips Petroleum Co., provided 
entertainment and education in 
technical questions from the floor. ¢ 


speaker, Mr. O, B, Wilson, Industrial Man. 


ager Brown Instrument Division, 
did a “bang-up” job in presentir 
lustrated talk on “Practical Aspect 
matic Control.” 

Monthly meeting will be held 
Tuesday of the month when satisf 
rangements can be made for said d 
next meeting is scheduled for M 
7:30 p. m. at the Blue Bird Cafet 
Troost Avenue. Our guest speaker will 
Mr. C. W. Parsons, Ass’t to the \ 
dent, Republic Flow Meters Co., 
who will talk on “Combustion Cont 
Instruments.” —Wm., A. R 


NEW JERSEY 


At the May 2 meeting we deviated { 
our usual practice of emphasizing i 
plant instrumentation, by having as 
Mr. C. E. Ohlheiser of American Inst 
ment Co. who covered recent adv ¢ 
some laboratory applications whi 
found use in plant laboratories as 
research laboratories. Recent applic 
laboratory type equipment in the in 
plant, as contrasted to the plant laborat 
were also covered. 


Included in Mr. Ohlheiser’s 4d 


were: basic types of temperaturé ! 
used in laboratory applications ; 
designs of baths, ovens and cabil 


close control (application to 0.001°C.) 
high-pressure vessels on laboratory 
cations; development of a micro-n 
pump (from 20 cc, per hour up) 

plating thickness meter. 

Mr. Ohlheiser discussed several im! 
but little appreciated problems in h 
measurement and control, and his 
personal interest in this subject was qui 
evident. 
measurement in connection with his 
tude flying proved of interest, and i: 
tion it outlined a new approach 
measurement of relative humidity n¢ 
low end of the scale. 


The results of our election of office 
the coming year: President, E. L. F. ! 




















A special application of ht Lit} 
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esident, R. F. Roberts; Sec- 
Gray; Treasurer, Sid Baran. 
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Spe 
—_ c —BosB GRAY 
NEW YORK 
of the business session of the 
eting our member Mr. R. 
1e Instruments Publishing Co. 
the formation of similar socie- 
parts of the country. 
Forrest of the Bausch & Lomb 
ve a talk on “New Optical 
irch.” This lecture was ver) 
the discussion was confined 
application of optical instru- 
various laboratory problems. 
thus obtained were stressed by) 
a rather than the optical opera- 
Mi istrument. Many remained after 
ere ey sk questions which the speaker 
B swered. —H. R. KALBFLEISCH 
: PHILADELPHIA 
k, F 
M Mason of the Mason-Neilan 
"a Reg . gave a talk at our April 
rm Meeti1 the “Influence of Line Drop on s 
icteristics.” He traced the devel- A 4 
valve drop characteristics along 
ounds that the piping engineer 
1 pressure drop in terms of feet P| LOTS AN D PLAN ES WITH 
f number of fittings. By expressing 
ae é racteristics in terms of a valve 
ft t which could be translated in 
g) pound pressure drop, it was pos- 
sible t nsider the valve opening in terms Know what your planes must and can 
aorninmniens an et ab. OrthCe, See eemtrente CMiointiene do...in the battlefields of the sky, over the Nation’s 
1 ide. He further pointed out that 
Joe Spa s it was ! t entirely accurate to size control airlines, and 1n performance tests. 
G Dar valy terms of maximum flow and mini- 
ed st lated mul essure drop, as this was really a 
“ et from the old days when line drop HATHAWAY VG . ECO # D £ RS N T 
or. " ount, ace ype F 
lustrial Man- H scussion centered around three types . . ° s 
adage Bo Jel sed: 412 Unk Gee a Eaaa ae Show you Value of acceleration at maximum airspeed; Value 
nting an il- valve ares: (2). restenguiar or of airspeed at maximum acceleration; Maximum airspeed; 
ect Aut lir inge of valve area; (3) ‘“‘V’”’ port . . ° . 
ais: hana we aloe: acak Maximum acceleration. *Manufactured from basic designs 
eld the las If valve opening area is plotted in percent developed by National Advisory Committee for Aeronautics. 
isfactory ar- f maximum on the abscissa, and valve 
Ud date. ( travel as the ordinate, using semi-log paper, Simple to install and operate. Weigh only 21 ounces; 
r M Ist t be es relatively easy to analyze the bgp" é : ; 
fet 2] type of valve required for a definite appli- cost only $185.00. 434 inches its longest dimension! 
aker will be cation, In other words, our Instrument men 
» Vic Presi- appre tex é > . Pr size vé , wi 
i eae SSOP ONGIIN RAS Cvs Saree ae VOETS : Srith DELIVERED FROM STOCK FOR WAR EFFORT 
0., Ag the proper characteristics could only be 
Cont nd letermined from such analysis. 
A. REICHON There were 31 at dinner and 68 at the @THE HATHAWAY INSTRUMENT COMPANY 
SEO TR nn ee 1315 SOUTH CLARKSON ST. DENVER, COLORADO 
viated f nual Dinner Dance at the Hotel Warwick, 
g industrial it which there were approximately 50 in 
y as speak attendance. All of those present at the 
can Inst! affair agreed that the Entertainment Com- 
advances i mitt id made excellent arrangements for UM. 
whi I iffair of this kind and are looking 
as well as for to its repetition next year. 
lic: tions of —J. E. GAMBRILL 
e industi 
lab V) 
. V 
ire i VV 
28 nsttument 
bir i VV 
°S ) a \/ 
rs | \y SSS OR LITHOGRAPHED IN ALL FINISHES 
"EV our 30 YEARS EXPERIENCE 
hi v, ASSURES BEST QUALITY Ce 
nis el 
as wick’ FY & PROMPT PERFORMANCE. AND ON ANY METAL 
hig t V 
d ir V 
“PY PREMIER METAL ETCHING COMPANY 
EY 
- ¢ 
Ae VY 21-03 44TH AVENUE LONG ISLAND CITY, N. Y. 
: ae 
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MACHINE TOOL CONTROL 
(Concluded from page 257) 


pump, hydraulic relay val) 
and contouring action, and 
flow selector valves which 
setting up the machine to 
or face. 


track is supported by brackets attached 
to the lathe pedestals so that the con- 
trol makes no floor obstruction which 
would hinder sweepers. 

The control power unit consists of a 
large oil reservoir, a motor-driven oil 


movement of the lathe carriage, and 
the air filters and pressure reducing 
valves which supply compressed air to 


the pneumatic tracer. The monorail BACKLASH ELIMINAT 





Since this control systen 
by the regulation of fluid fi 
the pneumatic and the hy 
tems, there is no backla 
motion on either side of 
tracer position. Furtherm: 
loading pressure which ty 
requirements for tool posit 
precise indication of the ac 
which the cut is progressi: 
formation is made availa 
operator by means of an 
gage in the air loading pr 
tem. As long as this gage ind 
neutral loading pressure of : 
the operator knows that the « 
is in position to produce ext) 
racy. If the air loading p. 
creases to 37 lbs. or decreases 
the operator knows that t! 
tool is no longer in the posit 
treme accuracy, but that a: 
0.001” has been introduced. B 
this precise continuous visu 
method or “flying mike” e{ 
operator can increase his rat 
up to the allowed tolerance b 
ing the indicating gage on the a 
ing pressure. Adjustments for both the 
rate of feed and the rate of contouring 
action are provided so that a maximum 
rate of production consistent with the 
required accuracy may be maintained 
at all times. 


Ingenious New 


Technical Methods 


Presented in the hope that they will 
prove interesting and useful to you, 


Precision Ground Glass Gages 
Afford Visibility in Inspection 





in the hands of the skilled mechanic, glass gages 
bring an important plus function to precision gages. 
It not only checks the new tool’s size, but gives the 
inspector an idea of what kind of surface to expect 
from that particular tool. The visibility permitted 
by the glass gage allows the inspector to see the 
surface in blind holes as well as through holes. 

Some of the apparent advantages of the glass 
gage follow: Glass gages afford visibility in inspec- 
tion. Glass gages are not subject to corrosion. 
There is less tendency to gall in some applications. 
Sense of feel is more pronounced when using glass 
gages. Because the thermal conductivity of glass is 
less than steel, body heat of inspectors will not be 
transmitted so rapidly to the gage to affect gaging 
dimensions. 

Chewing gum, too, is really useful and helpful 
in these tense times to people who are working on 
the production front making material for our war 
efforr. But, our Armed Forces have been constantly 
increasing their demands for Wrigley’s Spearmint, 
Doublemint and Juicy Fruit. It is only natural that 
we and you both feel that the needs of our fighting 
men and women come first. 


HISTORY 


This method was originally developed 
for use in the Bailey Meter Company's 
own machine shop where it is necessary 
to make flowmeter parts which exactly 
match the contours of specially-cal 
brated master parts. This 0} 
which formerly required the best 
of skilled machinists, is now bs 
formed automatically. When t 
models were built for this 
several years ago, Bailey engi 
plied the lessons learned fr 
twenty years’ experience in 
velopment of automatic contro! 
for steam boilers and industr 
esses. Several of the original 
have been in operation for ov: 
years continuously making | 
parts. 











Glass gages are not subject to 
corrosion or rust 








Visual inspection of surface 
A commercial embodiment 

method is being made available un 

the name of Bailey Contour Contr 


You can get complete information from coincident with inspection 


Industrial Glassware Division of the 
T. C. Wheaton Co., Millville, N. J: 


for size. 


Y-113 


orre]] é; (rrel] High Speed Electric Counter 








Page 304—IJ nstruments—Vol. 17 


Ideal for all counting and data accumulation work 
... production ... control ... developmental .. . 
psychological . . . etc. Standard voltage is 110 volts 
60 cycles, but other voltages from 6 to 220 A.C. or 
D.C. are available at 75c additional. G&G HiSpeed 
Electric Counters, $4.10 each FOB factory. 


Counter is compact, sturdy, well engineered. Counts 
up to 700 per minute. Operates on non-reset princi- 
ple . . . counts to 99,999 and then repeats. Draws 
only 4 watts. Counter mechanism totally enclosed 


. . . large figures easily read through plastic win: 
Mounts and operates in any position. Size 3's 
314” by 154”. Cadmium plated. Special bracke 
permit mounting at right angles is recommend: 
26c extra. 


{ orre l] rd (orre] 


CHICAGO HEIGHTS, ILL. 
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No. M82115 
Dial Recording 


Wo, A12402% No. M81110 


Indus 





| —e 


| remPEP ATURE CONTROLLERS 


(Py ww 
\\ 
re 

BE: 


| 





HB No. 90000 No. V85002 No. M87000 
Self- Air-Operated Air-Operated 
Operating Non-Indicating Type Recording 





PRESSURE GAUGES 





No. 730 
Hydraulic 


No. 800 No. 600 
Steel Case fron Case 


Write for Catalog 101-G 


Manufacturers of Temperature Instruments 
1420 W. LAFAYETTE BLVD. 
DETROIT 16, MICHIGAN 





PERCENTAGE OF ACCURACY 





H.O.TRERICE Co. 














NOW 
IN STOCK! 


30-watt deluxe and 
20-watt AMPLIFIERS 
for all war agency 
snd industrial sound 
uses. Ask today for 
illustrated AMPLIFI- 
ERS folder. 


Immedi- 


ate delivery upon re- 


ceipt of order. 


* 


TERMINAL 
RADIO CORP. 


S5 CORTLANDT ST. 
New York 7, N. Y. 
WoOrth 2-4415 














through gears, 
anisms. They will give years of service because the beam 
is ground to uniformly spread operating stress along its 
entire length, and all deflection is well within its elastic 
limits. They are practically indestructible, and can be 
handled like any other tool, on the bench, in the tool 
box, etc.—have no fragile dials, 
wearing parts. That is why the majority of 
Wrenches in use STURTEVANT TORQUE 


WRENCHES. 
Write for Bulletin TW-13 
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delicate springs 


levers or other error-compounding mech- 


Torque Wrenches 


As in any other measuring, limiting and inspecting tools, 
the first requisite of a torque wrench is accuracy. This 


or 


Torque 


Sturlevanl & 
QUALITY) 


Over 100 models 
and types with 


accuracy should be permanent for few indeed are the 4 capacities from 
<oe . : 0-40 in. ounces 

users who have means of periodically checking the accu- ‘ ‘ to 7200 inch Ibs. 

racy of a torque wrench. \ 

STURTEVANT TORQUE WRENCHES are inherently accu- \ 

rate because they use the entire beam of the wrench as % 

the measuiing element and readings are direct — not > 














Maintenance and Servicing 
of Electrical Instruments 


(Appeared serially in Instruments from 
August 1941 to June 1943 


By JAMES SPENCER 


In charge of Instrument and 
Relay Department, Meter Division, 


Westinghouse Elec. & Mfg. Co., Newark, N.J. 


Edited by 


M. F. BEHAR, Editor of Instruments 


REPRINTS AVAILABLE 


The electrical instrument industry has ex- 
panded more than 30 times its normal 
production, but its service facilities in 


general have not kept up with this pace 
Some electrical instrument manufacturers do 
practically no servicing and cannot promise 
early return of the few instruments they 
accept for repairs 


This reprint should be useful to all in- 
strument users, switchboard atten ndants, test- 
ing engineers, and instrument service men, 
as the accuracy and efficient life of instru- 
ments depend to a large extent on com- 
petent handling 


— fabrikoid binding, xii + 256 pages, 
< 81/4 inches, 274 illustrations. 
Price $2.00 postpaid. 
CHECK, MONEY ORDER OR CASH 
MUST ACCOMPANY ORDER 


SA SBRRERSREEEEEERE EE ESE EEE BT 


Instruments, 

1117 Wolfendale St., Pittsburgh 12, Pa 
Enclosed is $....t—. to cover the cost 

($2.00 each) of _--_ copies of SPENCER 


—MAINTENANCE AND _ SERVICING 
OF ELECTRICAL INSTRUMENTS 
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Boiler Meters 


Reduce fuel 
costs, lessen 
maintenance 
and outage, low- 
erstandby costs, 
and add capac- 
ity. They indi- 
cate, record and 
integrate Steam 
Flow from the 
boiler, record 
Air Flow sup- 
plied for com- 
bustion and record Flue Gas Temperature. 


Bailey Boiler Meter 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units. 


Multi-Pointer Gage 


Flow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 
water, compressed air and other fluids. 


Granular Material Meters 
For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 
illuminated counter which 
may be easily read at a 
distance of 50 feet. 


Control Systems 
Make possible the every- 
day operation of equipment for steam 
generation and utilization at test eflicien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
superheat and other factors. 


Coal Meter 


—— Information on any of the above Bailey 


ts will be gladly furnished upon request. 
G-14 


BAILEY METER 
¢e COMPANY °* 


1041 Ivanhoe Rd., Cleveland, Ohio 


BAILEY METER COMPANY LTD., MONTREAL | 
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In this department we strive to report each month ALL the new devic 
urement, inspection, testing, metering and automatic control—in the for: 
technical descriptions. When writing to manufacturers directly, please ; 
department. Or write to Information Section, Instruments Publishin; 





Electric Manometer 
New electric manometer changes into 
electrical readings minute pressures (inches 
and tenths of inches of water). This is said 
to be done by “a very sensitive pressure 


TO CONTROL VALVES 


operates on a no- 
point principle utilizing a  Wheatstone 
bridge circuit,’’ Pressures in inches and 
tenths are read on a drum indicating unit. 
Range is 0 to 100” of water; sensitivity 
0.025”; accuracy + 0.1%. Unit is available 
also in lower ranges: 0-5”, 0-30” and 
0-50”, having correspondingly better de- 
grees of sensitivity with the same + 0.1% 
accuracy.—Trimount Instrument Co., 37 W. 
Van Buren St., Chicago 6, Ill. 


measuring device which 


Totally-enclosed Pilot Light 
New “Series 1100” Pilot Light 
able in several variations. Primarily 
ungrounded panels, all variations of 


is avail- 
for 
new 


unit 
nals, 


are equipped with two solder termi- 
Models No. 1110 (faceted jewel) and 
No. 1111 (plain jewel) take long bulbs; 
Models No. 1112 (faceted jewel) and No. 
1113 (plain jewel) take round bulbs. (Pre- 
ceding models are available with bayonet 
sockets only.) New light is also available as 
a shutter type light, for applications that 
require variable intensities to satisfy vary- 
ing conditions. 90° turn of shutter provides 
gradation from bright light, through inter- 
mediate glows to a dim glow, or total black- 
out. In shutter type—Models No. 1114 
(faceted jewel) and No, 1115 (plain jewel) 
provide for round bulbs. They can also be 
furnished with polarized lens. All models 
mount in an 11/16” hole and have %” 
jewels. Lamps are removed from front of 
panel.—Gothard Manufacturing Co., Spring- 
field, Illinois. 


Ambient-compen: 
Time-delay Swit 
New  ambient-compensat 
switch is ruggedly construct 
tact capacity of 1500 watts, 
a.c. Heater windings are w 


230 volts. Heavy-duty elect 
contacts, available normally op: 
Weight ™% ounce; overall din 

x 4” K 5%”; mounted with 

screws through eyelets having 
Can also be built to individ 

tions.—George Ulanet Co., 88 

St., Newark 5, N. J. 


Dilatometer 


New “Model A-134 Bristol-R 
tometer” records temperat 
changes and temperature-tir 
simultaneously in ink during 
cooling cycles of ferrous and 
metals, ceramics, many other 
solid form. Two records are 
chart with rectangular coordin 
of interpretation and filing. 
multiplying mechanism exerts 
pressure” on sample and is said 











a ‘he Link Crew Navigation Trainer 

ill go down in history as one of 

the outstanding scientific contribu- 

i non-ferrous tions to early and complete victory 
a in this war. 

nates ‘or ese Firmly anchored to the ground 
light Where a mistake will not be costly in 

provide@@life and equipment, ‘‘freshmen’’ of 








the united nations’ air forces learn 
the fundamentals of aerial warfare. 
Thus thousands of lives have been 
saved, hundreds of bombers released 
fior duty at the front, and thousands 
of airmen go forth better equipped 
to master the problems of actual 


lhe Link C-N-T is a teamwork 
trainer for pilot, navigator, radio 








Constant’ 
| tie 


Trans‘ 


nt 





Uil B 






gnition « Radio + Power + Controls * Signal Systems « Door Bells and Chimes » etc 


: he LINK C-N-T synchronizes the operation of its maze 
“lf precision instruments with built-in CONSTANT VOLTAGE 


operator and bombardier. The heav- 
ens are accurately reproduced for 
celestial navigation. The pilot guides 
his ship over accurately duplicated 
terrain. The radio operator main- 
tains communication with an air- 
base. The bombardier “‘lays his eggs”’ 
on the target. And all of these “long 
range’”’ missions take place ina small, 
circular building only slightly larger 
than the familiar silo on our dairy 
farms. 

The results of this careful, safe 
training have been “‘more bombs on 
the targets—-more planes and crews 
safely home.” 

In order to maintain accurate co- 


ordination in all of these various 


tage Transformers 





functions a specific operating volt- 
age had to be maintained. Due to 
the heavy power loads, available 
voltages were fluctuating over such 
a wide range that accurate operation 
of the C-N-T was difficult. 

The answer was built-in Sota Con- 
stant Voltage Transformers which, 
regardless of power line fluctuation, 
duplicated the operating voltage 
called for on the label. 

Here is another typical example 
of improved product design made 
possible by automatic, self-protect 
ing SoLA Constant Voltage Trans 
formers. Available in standard units 
from 10VA to 15KVA or 
built to design specifications. 


custom 


To Manufacturers: 


, 
Built-in voltage control guaran 


leftawlus of leSi2n Specifications 


| 
| 
pe 





i Ask for Bulletin GCV-74 


ners for: Constant Voltage +» Cold Cathode Lighting - Mercury Lamps + Series Lighting - Fluorescent Lighting + X-Ray Equipment « Luminous Tube Signs 
SOLA ELECTRIC CO., 2525 Clybourn Ave., Chicago 14, Ill, 


e 
s 
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smooth accurate temperatu:: 
ords. Split furnace, designed 
tures to 2500°F., can be pull 
sample for quenching o1 
disturbing record: inside di; 
use of any size or shape of 
154” diam. by 5” long. New « 
be used to determine critica] 
bon steel, coefficients of 
metals, thermal composition 
ing rates and heat saturatior 
Company, Waterbury 91, Cor 


Aircraft Power Supply Systems 

New “Eclipse AC-DC Pow: Soa 
tems” consist of engine-d: 
generators and carbon-pile \ 


. 


tors, provide a.c. for operation 
cation devices and d.ec. for 
d-c. instruments and- other equi; 
erators are designed to mount 


calmer ill b d f You gine generator drive pads of 
Wi e rea y or corporating provisions for ger 
cooling. They are available in 
pacities from 60 to 200 amp: 
° " . eae . q o~ 
There will be no “reconversion waiting period | volts dc. and 10.4 to 30.5 amp 
f P | Th + | volts a.c., both outputs being av 
or Faimer ermomerers. ultaneously over entire rated s 
, " Weight-saving advantages ars 
While we are kept busy now producing thermom- systems utilizing separate d 
eters, for which there is yet a critical need, | BRSRe Nery cope. Carh 
Z | age regulators provide continu 
we are not unmindful of your Post War needs. | tion without fluctuation, and wit! 
mum of radio interference by 
Palmer Thermometers that have withstood the absence of vibrating contact 
tr f d + ill b h ° d Pioneer Division, Bendix Avi 
stress of war u y wi e muc improve , re- Teterboro, N. J. 


taining their fundamental tough quality and = 
their extreme accuracy and sensitiveness for Five-inch Oscilloscope 


which they have been famous. New “Type 247 Oscillograph 
to facilitate the investigation of 
as well as recurrent phenomena 





REMEMBER PALMER THERMOMETERS! 





To the Engineer, Physicist 
or Chemist Who Seeks 
A PERMANENT JOB 


F YOU are an engineer, physicist, or chemist now working for a company 
whose war contracts are terminating there may be a permanent job for 
you with one of the leading instrument manufacturers. Most of these com- 
panies are still working full time on war work. As soon as their war con- 
tracts are completed, postwar projects will be ready for action with plenty | ¢,.cuency range, utilizes new “A\ 
of opportunity for creative development work. Interested? Write Employ- | preferred Type 5CP1” cathode 
ment Service Instruments Publishing Company, 1117 Wolfendale St., Pitts- with intensifier electrode, operat: 
burgh P = l fessi l d ld US.E.S overall accelerating potential 01 
gh 12, Pa., giving complete professional and personal data. U.S.E.S. | pigh-intensity patterns are obtait 
consent and release statement will be required. diameter screen, Medium-persiste! 
This is not the advertisement of any manufacturer but a notice from The Instruments Publishing ote ebjers standard. If a permanent 
transient phenomena is required, it 


Company as a service to its readers. Names will be made available to prospective employers. There . : ae 
will be no charge to applicants or to prospective employers. may be supplied with short-persist 
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peed photographic record- 
g-persistence green screen 
vation of low-speed phe- 
frequency range has been 
o 0.5 «p.s., providing a 
sweep operation. Thus it 
observations on low-speed 
1 for other low-frequency 
-base provides recurrent, 

tive sweep operation. An un- 

trol circuit is used with sin- 

ition, to darken screen ex- 

tual sweep cycle, providing 

VSte eaict background illumination and 
a ane 1otographs of greater con- 
SYS . a itures: Exceptionally uni- 

. over wide frequency range 

eal and horizontal axes; a 
continuously-variable low- 

nuator or gain control; a Z 

nel for applying external tim- 

srid of modulating electrode. 

14” w., 19” h., 26” d. Weight 

lon B. DuMont Laboratories, 


t 


Relay Set,” having been de- 
irily for use with maker's “Red- 
reculator,” if of high-sensitivity 
s for use in conjunction with 


CONDITIONS 


1 From room temperature to +120°F. and 95% relative humidity to a 
stabilized condition in 35 minutes and hold for 2 hours. 


2 Repeat cycle four times. 
3 Go to —95°F. in 100 minutes and hold for 1 hour. 


4 Increase temperature to +160°F. in 60 minutes and hold for 
2 hours. 


a S Return to room temperature. 


contact - equipped instru- 

f or other relay-operated in- 
that require low-gram_ contact ACCOMPLISHMENT 
omprises a sensitive iron-core- 


This test was completed with Model RTC-3AA equipped with Humidity 


scope net type relay (which can be operated F : 
n 10 its and 2 milliamps) and a solen- Control, and without opening the door. All cycles were automatically 
, Se ' cury plunger relay ,the tube of controlled by previous manual setting. 
, . ch handle a load up to 30 amps at 


ic. or 20 amps at 220 volts. 
relays are mounted side by side 
xX 54%” X 31%” hinge-covered 
with marked terminal block below 
lays; and a 4-foot armored cable | 
for connection to instrument,— mS ed so th 
iment Co., 2504 No. Broad St., \ “et i : rical energy Of 
a 32, Pa. odate manu during 


ccomm ie : 
ye precision ins 


: arts, : ‘ ha 
radio P American mec me 


: ing OP 
Gage Blocks | as d the testing OPeN 


onomy Set” of 37 gage blocks : idi : ve 
. ' | ditions 


designed pocket carrying case dry ic ‘ vice con 
ls blocks on end for ease in han- i models an accurately sim 
identifying. This position also ace than other esting with respect eg 
~~ led in multiple d cold. Testing oF 
insta an | 


ponent parts = 


batteries fort 


com 
is @ self-con- 
Fy 


3AA Model 9 oreo a) 


This RTC- uh * testin 


tained unit 


AT YOUR SERVICE 


AMCOIL engineers offer an authoritative consulting 
service to manufacturers interested in testing parts or 
instruments under various temperatures, pressures and 
humidity conditions. 
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LUXTRON 


PHOTOCELLS 


and listen ment Keleys 


Without Auxiliary Vol- 
tage or Amplification. 


This pigtail-contact 
mode] is only one of 
a series of mountings 
and indicates only 
one of the complete 
range of Luxtron* 
cell shapes and sizes 
available. 


Send for illustrated. eniglewstien, 
literature and fet us co-operate 


Ea | 


LABORATORIES, INC. 


82 Meadow Street, New Haven 10. Conn 
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prevents grit and dust from settling on pol- 
ished measuring surface. Case measures 
7%” x 4” x 2” to fit in inspector’s shop- 
coat pocket. Set includes two 0.050” wear 
blocks in addition to five standard series: 
First series, 9 blocks: 0.1001” to and in- 
cluding 0.1009” in increments of 0.0001”; 
second series, 9 blocks: 0.101” to and incl. 
0.109” in increments of 0.001”; third, 9 
blocks: 0.110” to 0.190” in 0.010”; fourth, 
5 blocks: 0.100” to 0.500” in 0.100”: fifth, 
3 blocks: 1.0”, 2.0”, and 4.0”. These blocks 
when wrung altogether give an overall 
measurement of 11.7995”. Any measurement 
from 0.050” to 11.7995”, in increments of 
0.0001” can be made with millionth accu- 
racy, using various size blocks in combina- 
tion. Gage blocks are available in two qual- 
ities: Set ‘“A’’—“Inspection Quality” is 
guaranteed in height, flatness, and paral- 
lelism accuracy within +0.000004” at 68°F. 
Set “B’—“Working Quality” is guaranteed 
in height, flatness, and parallelism accuracy 
to within +0.000008” at 68°F. Blocks are 
said to be made from special analysis steel 
to give long wearing quality. Each is heat- 
treated, seasoned and processed to insure 
absence of internal stresses, warping, 
growth, or shrinkage. Each has a hardness 
of 65 Rockwell “C” and is etched showing 
dimensional size and serial number.—Conti- 
nental Machines, Inc., 13801 Washington 
Avenue So., Minneapolis 4, Minn. 


| Sulphur Determination Apparatus 


New “Three Minute Sulfur Determinator” 
is for rapid and accurate sulphur determin- 
ation of all steel, iron, non-ferrous metals, 
and materials such as coal and coke. Sam- 
ple is ignited in a high-temperature furnace 
in an oxygen atmosphere. Sulphur in sam- 
ple is converted to sulphur dioxide gas. It 
is filtered free of all dust particles by a hot 
ceramic filter within furnace combustion 
tube. SOe gas then bubbles through an alka- 


line solution which reduces alkalinity of 
this solution. Alkalinity is measured by ti- 
trating with a standard acid solution. New 
apparatus is divided into two units: meas- 
uring burettes with 2 liter solution bottles 
are mounted on one unit; other unit con- 
sists of a stand and support for holding 
solution vessel at furnace. This arrange- 
ment increases speed with which sulphur 


| determination may be made since one sam- 


ple may be in process of combustion while 
another sample is being titrated. Sulphur 
percentage is read direct from burette scale. 
Gas bubbler is separated from _ solution 
vessel, allowing these parts to be of inex- 
pensive construction and easy to clean. So- 


COPR 


RECTIFI 


Chesecasive R 


Excellent Stability 
er Life. Gold 
Delays Aging. 


Shown above is Coprox BX-22.3 
bridge rectifier with current and t 
ature-current characteristics bala 
better than 1°% over a range of —4 
+70°C. Rated up to 4.5 volts A( 
DC, 5 milliamperes DC. Other mod: 
capacities to meet all needs. 


In Coprox Rectifiers, gold coat- 
ing on the positive contact 
“pellets” delays aging. Pre- 
soldered lead wires o: special 
terminals, egg overheating dur 
ing assem 


Standard units are sealed with 
_ waterproof lacquers. Critical-ap- 
plication units are potted in 
wax, Standard mountings are 


adaptable. 
Ratings are conservative and very 
latest technical advances war 


rant unusually high testing stan- 
dards. 


Bradley has the experien 
meet vnusua! rectifier prot 
Write for data. 


LABORATORIES, 


82 Meatiow Street, New Haven 10,aGonn 





id ample amounts of pre- 
and may be quickly re- 
ng. A special blue reflector 
lass base causes end point 
+ eolor change from yellow 
W. Dietert Co., 9830 Rose- 
rit 4, Mich. 


craft Compass 

New fe Compass” is claimed to 
bods and construction features 
wy troubles and disadvantages 


hich eli : é 
ch as f compensating bellows, ex- 





liers Have 
Roti ngs, 
lity, _ong. 
 C ating 








ht, excessive swinging of cards, 

ill for easy reading, breakable 

New instrument’s case is plastic 

is Alnico, so that weight is 

tal bellows are replaced by syn- 

Dial is designed for “quick 

ing from anywhere in the plane,” 

lium-painted numerals and mark- 

i through an “unbreakable bull’s- 

Furthermore, it is said that new 

ends itself to modern production- 

is of assembling airplanes” and 

iy and Navy §specifications.— 

lircraft Instrument Co., $722 San 
Fernando Rd., Glendale 4, Calif. 





lectric-contact Type Automatic 
Temperature Controller 


models and 


New “H 1 Electric Temperature Control” 
ith manual reset over-heating cut-off fea- 
re consists of maker’s standard ‘Model 
gold coat. D 1” d-p. s-t, electric temperature control- 
ive contact er equipped with an auxiliary s-p. s-t. 
Aging. Pre- witch which will automatically cut off all 
or special urrent as soon as operating temperature is 
heating dur xceeded by 30°F. in liquid or 50°F. in air 
by reason of negligence, fusing of thermo- 
atically-operated contacts, etc. During 
sealed with 
Critical-ap- 
potted in 
untings are 


ve and very 
ances war- 
esting stan- 


Mience [to 


prod 


AUTOMATIC 
OVER-TEMP 
CUT-OUT 
MANUAL 
RESET 











0.0001 ohms to 11.11 megohms 





WIDE MEASUREMENT RANGE 


in a single instrument 


Wahine both Kelvin and 
Wheatstone bridges, this popular 
Shallcross instrument provides a re- 
sistance measurement range from 
0.0001 ohm to 11.11 megohms in a 
single portable unit. Widespread use 
is proving it unexcelled for laboratory 
and school work, maintenance, many 
forms of production line testing, field 
investigations—in fact, for use almost 
any place where electrical resistance 
is measured. 

When used as a Wheatstone bridge 
for measurements between 1 ohm and 
1 megohm, the normal accuracy is 
better than 0.3%. Low resistance 
measurements using the Kelvin range 
utilize current and potential terminals 
to eliminate lead and contact resis- 
tance. The accuracy of Kelvin meas- 
urements is normally 3% or better. 

Ask for details on Kelvin-Wheat- 
stone Bridge Type 638-2. 


SHALLCROSS 


Write for literature on 
other 
Shallcross Instruments 


Megohmmeters 
Percent Limit Bridges 
High Voltage Instruments 
Kilovoltmeters 
Fault Location Bridges 
Low-Resistance Test Sets 
etc., etc. 





MANUFACTURING 


COMPANY 


ENGINEERING + MANUFACTURING + DESIGNING 
ee a e |S-54 on ce 
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PRECISION MOTORS 


| for important 
instrument applications | 


~~ “ co ll all a cn ta. Me coon | 


{ 
Instrument making is a preci- 
The Bodine NSY-I2R motor, used sion business. Therefore materials 
on the instrument illustrated below, and workmanship must meet the 
is a 1/75 hp synchronous type with strictest specifications. 
288:| integral worm gear speed 
reducer. It is single phase, resis- Instrument makers use Bodine 
tance start, giving good momentary fractional horsepower motors be- 
overload characteristics. It is a cause they are designed for ex- 
reliable motor—quiet in operation treme accuracy and precision. 
4. They live up to the prestige of 
TYPICAL APPLICATION—Used in the maker’s product. Bodine mo- 
Ape em — —— - tors range in size from 1/6 to 
ps0) aoe 1/2000 hp, with or without speed 
reducers, in all types of windings. 


The majority of Bodine customers 
are repeat buyers who have stand- 
ardized on Bodine motors year after 
year. Such loyalty is evidence of a 
good product—the reward for over 
35 years of dependable service. 
Bodine Electric Company, 2244 W. 
Ohio Street, Chicago 12, Illinois. 














For Precise 
Temperature Control 
* 


“QUICKSET” BIMETAL 
THERMOREGULATOR 


_, La Range: —73° to 538°C. 


Sensitivity: +0.05°C. for 
liquids; +0.01°C. for air 
(or better). 


em Quickly adjusted to de- 
MOISTURE CONTENT fred. temperature. 


of lumber checked in ! , 
THREE SECONDS | Qe a 


At the press of a button, Mois- Write for 
ture Register detects and meas- Catalog 
ures moisture by the use of D-41 
electronics. 


Calibrated with a direct per- Right: 
centage reading dial, with a “METASTATIC” MERCURY 
range from zero to 25 per cent. THERMOREGULATOR 
Completely portable and self- seagoing 


rl ° d A Sensitivity: +0.02°C. or better. 
contained. myone can oper- Adjustable throughout the entire 


ate it. temperature range. 


Write Dept. | today for complete information. | AMERICAN INSTRUMENT CO. 
MOISTURE REGISTER CO. Silver Spring, Maryland 


S117 KINSIE STREET, LOS ANGELES 22, CALIF. 
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normal operation this cont 
both sides of line. In case of 
peratures, safety contact (ay 
is broken on one line only 
ficient to break circuit to } 
Circuit is made through cont 
device by pushing in on mar 
reset button. Contact is the 
in place by a locking device 
which is not disturbed by n 
and does not operate until « 
tures create an additional ex; 
phragm raising safety catc} 
contacts to separate. This br 
will occur even if main cont 
come fused. A limit contr 
temperature controlling mec} 
available.—Commercial and I 
Robertshaw Thermostat Co., 
New York 7, N. Y. 


3-0z. Multi-circuit 
New “Maco Featherweight 
frame molded of high-in 
(Navy Spec. 17P4 CFI-20) 
proved molders, advantages 


dielectric strength, mechanical 
uniformity of switch elements 
serts with %” thread depth 
(on 5” X 14” centers) and 
place. Newly-designed hook 
terminals are tinned all over 
contacts in phosphor-bronze s} 
carry 10 amps a-c. or 2 amps 
volts, may be ganged in any de 
and combination and for locki 
return in either lever positior 
Arts Co., 243 Broadway, Camb 


Small Telephone Type Relay 
New “Model TKL” is latest 
maker’s line of telephone type 
to be developed for maximu: 


efficiency with resultant sensitiv 
at minimum power input. This 
specifically designed for high-fre: 
and incorporates Mycalex insu 
can be supplied with approved I 
sulation for standard switchin 
Coil is cellulose acetate sealed 

ance to humidity. Relay will meet 
ard salt spray specifications ; 















| = | | & FOR LOW COST 
a | ACCURATE TESTING 


Model 505 RIEHLE is the most accurate, 
economical and reliable testing machine 











cont 



























ontr: 
og: within its group today. It has two motor 
-” urch drives, one for hydraulic loading, and the 
" | second for fast vertical adjustment of 
ult Switch gripping head and table. The spherically 
rc = suspended gripping head and table assure 
nal Na consistent accuracy even with loads 
are Word about applied off-center. Capacities up to and 





including 60,000 pounds. Coincidence be- 
tween dial graduations and the accurately 


applied testing loads from minimum to 


4 

Our Production — 
slaee | maximum is established by means 
Facilities : of a proving ring, accurately calibrated 

i 





by the National Bureau of Standards. 


Model 505 Hydraulic 
Testing Machine 


We can handle and are handling 


big orders for permanent mag- 





nets . . . handling orders from 


many exacting manufacturers of 












electronics equipment including 7 


BRINELL HARDNESS TESTER 


Hydraulic ease of operation, plus ASTM standards pre- | 


Sperry, Philco, Galvin Motorola, 
Raytheon, Bendix and others. 





















ferred dead-weight loading accuracy, makes quick, 
ra We have the skilled workmen and accurate material hardness determinations possible for 
i. ° ofege | production proof-testing. Only one to two revolutions 
und the manufacturing facilities . . . : of the hand wheel give the desired results. Equipped 
ook t and the experienced engineers to for 500 kg., 1000 kg., and 3000 kg. dead-weight 
hel q = pressure on 10 mm. (or 5 mm.) hard steel brinell balls. 
Bagge elp you design the best type , 
yo PF PY 9 YP We are in a position to bandle your 
Bon “of permanent magnet for your 
tition Vetall 








equipment. “One Test Is Worth a Thousand Expert anher 


amb 


requirements promptly. “dl 





TELE aon 


TESTING MACHINE —_ AMERICAN MACHINE AND METALS, INC, EAST MOLINE, ILL. 





ype Re lay 
test t 
yp 






imun 
















Among the steels going into 
our magnets are ALNICO and . 
NIPERMAG, two metals of ex- Test Insulation the Modern Way 


ceptionally high energy product. with a MODEL B-5 


NEW BATTERY-VIBRATOR TYPE 


No more tiresome cranking of a hand-driven 
generator . . . Entirely self-contained, steady 
test potential of 500 volts DC, available at the 
touch of a switch. Direct reading in insulation 
fesistance. 






VARIOUS NEW moDEi3 
AND RANGES 
















5-CC-3 










y CINAUDAGRAPH 


ee 4 SORPORATION 















hin 3¢ a - Ss 
a _ CONNECTICUT HR HERMAN H. STICHT CO., INC. 


27 PARK PLACE NEW YORK, N.Y, 







WRITE FOR BULLETIN No. 430 





May 1944—Instruments—Page 3 








Sreccscore SCALES and DIALS 


° FOR 


INSTRUMENTS ° 


One of our most popular numbers is this Maymer Syl- 
O-white Scale. It consists of baked white enamel — 
on steel, hence is substantial and durable. 
Numbers and graduations are easily read, 


with no background glare. 


Supplied in any size up to 100”, 


in continuous lengths, on any 
metal, coated or plain, 

at reasonable prices 

even in small quan- 

tities. Prompt 

delivery. 


PYRO onicasmicrtien 


ELIMINATE WASTE and 
GUESSWORK! 


By using PYRO, a 
self-contained, DI- 
RECT READING, 
sturdy unit made to 
stand rough use. It 
is absolutely accu- 
rate and dependable, 





and quickly pays for 
itself. 


Unique construction 
enables operator to 
rapidly determine 
temperature even on 
minute spots, fast 
moving objects, or 
smallest stream; no 
correction charts, no 
accessories, no main- 
tenance expense. Spe- 
cial “FOUNDRY 
TYPE” and “Univer- 
sal TRIPLE RANGE” 
have, in addition to 
standard calibrated 
range, a red correc- 
tion scale determin- 
ing TRUE SPOUT 
and POURING TEM- 
PERATURES of 
molten fron and steel 
when measured in 
the open. 


Stock ranges 1400° F. to 5000° F. 
Write for Catalog No. 80 
THE PYROMETER INSTRUMENT CO. 


Plant & Lab. 
103-107 LAFAYETTE ST., NEW YORK, N. Y. 
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ture—the master sce 7 
is machine divided, 


CORPORATION 
10884 BEREA RD. * CLEVELAND 2, OHIO 


BURLING 


TEMPERATURE 
LIMIT SWITCHES 


MODEL H 


with Manual Reset Button 


Available with switch normally closed for 
cutting off heat, stopping fan, closing valve 
—with switch normally open for lighting 
lamp or ringing bell—with single pole 
double throw switch . . . breaks heating circuit 
while closing alarm circuit. Sturdy, fool-proof 
reset button operates from outside case. Range 
0-1400° F; adjustable range 200-300° F. Di- 
mensions: 5144” x 134” x 3”. Dial Pointer for 
easy setting. 

INSTRUMENTS ALSO BUILT TO SPECIFICATIONS 


Send for Informative Bulletin 


BURLING INSTRUMENT CO. 
251C Springfield Ave. 
Newark. N. J. 





stand shock and vibration to 
ly, contacts are of palladium 
sensitivity but fine silver o; 
contacts are available on 
pile-ups of contacts can be 
a single “A” (SPSTNO), “J 
or “C” (SPDT) arrangemer 
mum of four “C” combination 
dimensions, less contact p 
ounces; 1%” long x 4” 
high. Special tapped studs, br 
permit easy mounting and 
circuiting of coil.—Allied Con 
2 Bast End Avenue, New Yor 


Hydrostatic Test | 


New hydrostatic test press is 
special interest to those enga 
mination of specifications, i; 
simplify testing of drawing 


metals, fatigue, influence of heat 
etc. Coatings such as paints, 
plastics can be tested by alternat 
tions of pressure, simulating exp 
contraction. External pressure ma 
ployed to determine strength 

of containers. Porosity and see] 
are obtained through uniform ap} 
pressure. New press is said 
simplicity and convenience of 
clamping portion makes it possit 
articles of various heights wit! 
ing.—The Denison Engineering C 
bus, Ohio. 


Aircraft Lighting System 
Transformer 


New transformer is intended 
aircraft applications where a hig} 
ture will not afford satisfactory 


ee . _ = 


/ 
total weight of 8 oz. is said to be 
mately 40% less than nearest < 
transformer of equal output. Its 
perature rise of 30°C. will permit < 
over all ambient temperatures fro 
to 70°C., and altitudes up to 50 
Design is said to be conservative 
gard to both electrical and m« 
characteristics. Reduction in weight 
to have been made possible by usi! 
engineering techniques and materi 
special applications, output volta 





Ricndiete 


Standard Signal 
Generators 


Square Wave 
Generators 


Vacuum Tube 
Voltmeters 


U. H. F. 
Noisemeters 


Pulse 
Generators 


a 
Moisture 
Meters 


MEASUREMENTS 
CORPORATION 


Gilets! | BOONTON, NEW JERSEY 


The Permometal* tip of all PER- 
MOPIVOTS* is your guarantee 
of longer life and greater accuracy 
for precision instruments. PERMO- 
PIVOTS retain their satin smoothness 
and low coefficient of friction many times 
longer than ordinary pivots. They cannot 
corrode...require no oil...are non-magnetic. 


WRITE TODAY FOR COMPLETE INFORMATION 


PERMO, Incorporated 


6423 RAVENSWOOD AVENUE «+ CHICAGO 26, ILLINOIS 


USED BY AMERICA’S LEADING MANUFACTURERS 


Shown at right is meter box of our No. 6 gauge giving 
accurate, dependable service in all types of operations 
ORDERS ACCEPTED FOR EARLY DELIVERY 


CONTINENTAL ELECTRIC COMPANY 


CHICAGO OFFICE GENEVA, ILL. oor ing 4 oF yy 


903 MERCHANDISE MART 
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ONE OF THE MANY POSSIB 
SHTROW APPLICATION 


+ os MODERN conrhok 


rue WERE Fc ECTROME 


@ For all types of machinery 


manufacturers, Flashtron 


opens up an entirely new vista of electronic control. 
Due to the fact that Flashtron requires only very small en- 


ergizing currents... 


precision control that is swift and certain 


comes into play by an infinitesimal movement of contacts. 
Instantaneous reversible control is provided by Flashtron 
since its output circuits accommodate motors, solenoids or 


other power control devices. 





We invite control manufacturers, as well as users, to 


get the interesting Flashtron story. 


"os THORDARSON 


CONTROL DIVISION 


THORDARSON ELECTRIC MFG. CO. 


Model T-50 x 40 
Power Source — 115 Volt 60 c. p. s. 
Control Circuit—Operation of one 

pair of contacts produces 

Orientation of power output 
Output—Two circuits supply 115 

Volts up to 40 V. A.— Only 

one output circuit functions 

at any given instant. Other 
sizes available, special order 


500 W. HURON STREETe+ CHICAGO 10,ILL. 





HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 36 years. 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 
tively inexpensive. 


Illustrated 
bulletins 
free. 


The Shore Instrument 
& Mig. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 
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Silk § Sc creens 
forWARwork! 


A proved, ECONOMICAL method, in 
use by various war industries for repro- 
DIALS, GAUGE, PANEL and 
INSTRUMENT markings, lettering, 
graduations, designs. 
NO MACHINERY REQUIRED. Highly 
satisfactory for quantities from 10 to 
10,000 impressions. 
Send us copy, drawing or blueprint for 
estimate on complete screen and full 
details. 


Silk Screen Supplies, Inc. 


33 LAFAYETTE AVE 
| 2 ORO .@ Oe @. iam. ae a 





currents may be varied w 


size and weight, if output is s 7 
New York Transformer Co 
St., New 


York City. “Tg 


Ultraviolet-transmitti: 
Opaque to Visible | 
Converting F-I | 


Development of a 
mitting invisible untra-vi 
from a white-light fluoresce: 
filtering out visible light, ha 
by J. M. Gordon, Fluorescer 
sultant and research engine 
signed manufacturers, New 
can be used with any -size f! 
ular style lamp or circulay 
plated for production. It is 
for the two-watt and fo tt R 
fluorescent airplane lamps : ‘watt mame 
six-inch lamp. It is said that 
lamp combination, produ 
black-light effect, costs a fra 
ent u-v. sources such as me! 
carbon-arce lamps requiring 
and accessories and gener 
heat. In connection with fluor 
instrument and radio dials, 
color combinations and effects 
duced: by utilizing additio 
available in new plastic filt 
around the lamp, u-v. rays car 
nized with the scales on the 
on, and the other scales black iat 
Manufacturing Corp., 185 8S Nalle é 
Chicago (3), Ill. D 


plasti 






Snap-action a Re- designed foam 


General Use bio 
“Type 79XAX Sensitive Sna; 
lay’”’ was first introduced in 
field as an overload unit for | 
electron microscope, design 
now makes it both practical an 
for use in a wide variety of 
It is said that in addition t 
known advantages of conventior ns 
relays, “Type 79XAX” is desig: that : 
its armature practically complet travel 
before contacts snap with a po t ] 
to corresponding position. Thi 
that contacts remain closed wit pres ‘ 
sure up to instant of transfer t r | 
tion) is said to permit unit t 
a number of unusual ways 
protection, particularly in range 
milliamperes ; overcurrent protect 
nection with shunts furnishing } 
range of 1 to 100 millivolts; | 
cuits where relay must “pump” 
its own back’’; numerous sensit 
tube circuits; etc. Normal sensiti 
watt, although a greater degre: 
tivity may be obtained by means 
circuit arrangements. Contact 
is S.P.D.T. and contact rating 10 
volt a.c. and 10 amps. 24-v.d. 
construction withstands 10G vib 
shock. Coil resistance available 
approx. 30,000 ohms. Weight 1 
size 2%” x3” x 1%”. — Stru 
Inc., 1821 Arch Street, Philadel; 


Multi-purpose Thread Gage 
New re 
tionary 
which can be 
bench type gage and which “pe: 
inspection operations in one: it cl 


“Limitrol’ is said to be 
comparator type roll s! 
used either as 


diameter, lead, taper, angle, st 
and out of roundness.” It is ava 
plain and threaded rolls, in bot! 
and closed-end models, in six non 
44% 8" 147 5" 8", %", 
either way fron 
size. Thread diameters from N‘ 
can be gaged. Rolls are provid 
6” and 1” widths. For gaging | 
a .004” tolerance or less, magnifl 
250 X is provided; 150 x for I 
greater tolerance. Maker clai 
“Limitrol has been known to spet 


e 


” 


adjustable 1% 
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nt-treats Switchboard Type with above 


AVisual-Stats 


ge 


nal it easily attainable. @Top of mercury 
with column visible at control point (where 
an most important) because electrodes ter- 
a minate at back of tube. No encircling 
sizes: metal bands! @ Available in angle form 
beir (illustrated) of conventional straight form. 
@ Senc for brief, attractive bulletin. 
& The *siladelphia Thermometer Co. 
wit Sixth & Cayuga Sts.  -:- = Philadelphia 
“of Oldest Thermometer Manufacturer 





“<iresT MAGNETIC 
““RO ERTIES OF 
Fits YC UR STEELS 


it for 
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THE ONLY SINGLE BUTTON 


LECTRIGCAL RETURN FLUXMETER 
SIMPLEST AND MOST EFFICIENT 
Bulletin 504 
THREE DIFFERENT STYLES 
Portable Standard with single 
electrical zero return. 





ty q zero feature located on flexible 
Jead for bench operation. 


Two Button Pointer Shift in 
place of our patented standard 
zero return at a lesser cost. 


icknowledged leaders in 
development of bigh sensitivity meters 


RAWSON ELECTRICAL 
NSTRUMENT COMPANY 


nl0 POTTER ST. CAMBRIDGE, MASS. 

Branch: 15 East 26th St., New York City 
Representative: E. N. Webber 

1313 West Randeiph Street, Chicago, Ill. 



























~ wil For Extremely Close 
«offs Temperature Control 








@ Sensitivity of @ hundredth of a degree 








in Philadelphia 


BARBER-COLMAN 






















CONTROLS FOR 
INSTRUMENT 
APPLICATIONS 


Are you designing an instrument that 
needs an electric motor-operated unit for 
cycling, for operating, for adjusting, for 
switching, or for some similar purpose? 
Then consider the use of a Barber-Colman 
Power Unit. They are available in various 
types and sizes and are effective in numer- 
ous applications. Tell us your require- 
ments and let us see if we can meet them, 


ON TRIMOUNT 








MANOMETER 






















A recent applica- 
tion of B-C con- 
trols —on Tri- 
mount’s portable 
Multiple Mano- 
meter for wind 
tunnel laborator- 
ies. Ten switch- 
controlle 
AYCK Power 
Units raise or 
lower the vari- 
able wells to set 
tevels at any de- 
sired point. 


BARBER-COLMAN COMPANY 


1202 ROCK ST. e ROCKFORD, ILL. 




















THE MODEL 710 






Now Available 
for Prompt Delivery 


Specifications :— 


VOLT -OHM- 
MILLIAMMETER 


Sensitivity — 


1,000 OHMS PER VOLT 
ON BOTH A.C. AND D.C.!! 


Measures :— 
A.C. AND D.C. VOLTAGES 
UP TO 


1500 VOLTS 

A.C. CURRENT UP TO — 
3 AMPERES 

D.C. CURRENT UP TO — 
30 AMPERES 
RESISTANCE UP TO — 


6 D.C. VOLTAGE RANGES (1000 OHMS PER VOLT) 


0 TO 15/60/150/300/600/1500 VOLTS. 


6 A.C. VOLTAGE RANGES (1000 OHMS PER VOLT) 


0 TO 15/60/150/300/600/1500 VOLTS. 
7 D.C. CURRENT RANGES: 


0 TO 3/15/60/150 MILLIAMPERES 0 TO 3/15/30 AMPERES 


A.C. CURRENT RANGE: 
0 TO 3 AMPERES. 


S RESISTANCE RANGES: 
0 TO 1,000/10,000/100,000 OHMS. 


0 TO ! MEGOHM 


0 TO I0 MEGOHMS. 


Model 710 uses a 4/2” square 0 to 400 Microampere meter. Al! calibrations printed directly 
on meter scale in large easy-to-read type. Instrument is housed in rugged, heavy-duty Oak 


cabinet. Operates on self-contained batteries—no externa! 


leads and instructions. Size 6” x 10” x 10”. 


¢ 


source of 


current required. Comes complete with self-contained batteries, test $34 50 
a 


Price Complete 


SUPERIOR INSTRUMENTS CO., Dept. IN 


227 FULTON STREET, NEW YORK 7, NEW YORK 
























Eyes to War Bird 


AT 50,000 FEET 
AND — 57.4 DEG. F 


To the combat pilot, high up in 
the inky blackness of night, the 
glowing instruments are more 
than mechanism... they‘re his 
security, his strategy and his re- 
turn ticket! These lights must 
not fail! 

To further this dependability in 
aircraft lighting systems, the 
N.Y.T. Sample Department hos 
produced the 8 ounce trans- 
former illustrated below—lighter 
in weight by 40% than any 
component of the same output 
previously used. Conservative, 















































































from the standpoint of electrical es. 

and mechanical characteristics, » L 

this N.Y.T. unit has a temtpera- ™s 

ture rise of only 30 deg. C. and ~, h 

permits operation over all am- tl 

bient from minus 65 deg. C. to a 

plus 70 deg. C. Its diversity of v 

application is illustrated by the 

fact that output voltages and i 

currents may be varied without D 

affecting size and weight, if the 

output is held to 30 V.A. ’ 

c 

This is but one of the y | 
many custom-engi 
neerings executed by : 


N-Y-T technicians, 
in hastening Victory 
through electronics; 
” similar transformer 
products will aid im 
measurably in the 
fulfillment of peace 
time advancements. 


spection operations as much 


NEW YORK TRANSFORMER COMPANY \Qi7/ the original speed.” .Different 










are interchangeable; may bs 
less than five minutes. To 
master between rolls and t 
screw on bottom of gage 
arm moves up under proper 
N. A. Woodworth Co., Fe 


Mich. 
ee a a PPE) AE LEE RED PITT 


Post War Five-inch Oscilloscope 
New “Model 550-A” catho scill 
scope is said to be of univer licatio 


Clock Movements its design permitting study 
} 


wave-forms such as square 


pulses encountered in telk 
Square wave signals from 4( 
ke. can be accurately reprodu 

Our production of special clock ie 

| 2 ’ CALCULATORS, surement. Voltage gain is 62! 

movements and clockwork mechan- e ; ig equipped with In, Matech 


Vertical amplifier has a sil 
isms for recording instruments must > \ CHARTS, DIALS, ETC. cable with input capacitancs 


24 WAVERLY PLACE ee eee oe, | 
























“Model 550-A” useful at tl 
SCALES, GAUGES, oe car oo Oe ee ee 





quency response of 500 ke 
sponse at 1 Me. is high en 

which low capacitance minimiz 
or excessive loading of circuit 
Compensated 4-step attenua 





wait until this war is won. Meanwhile 
we would welcome the opportunity of 
working with you in developing your 
post-war designs. 

Remember, Chelsea has been mak- 








ing ‘special inovementy for’ recérding & impervious to moisture, grease, 
instruments for many years. oils, acids, alkalis. 
@ Printing guaranteed not to wash 





or rub off. 
Bay @ Non-inflammable, non-corrosive 
Another Bond | plastic. 
Today | @ Printed and laminated vinylite and 





cellulose acetate. 


SAMPLES AND ESTIMATES GLADLY SUPPLIED ON REQUEST 
WRITE DEPARTMENT N.! 


THE HOPP PRESS, INC. 


PRINTING — FABRICATING — FORMING 


CHELSEA 
CLOCK COMPANY 
385 EVERETT AVE., CHELSEA 50, MASS. 





460 W. 34th STREET, N. Y. C. 


|_____—___ SE ESTABLISHED 1893 
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ik Dead Weight | WHAT do you need 
‘. _— en in a PYROMETER 


SENSITIVITY RESISTANCE 
DURABILITY SIMPLICITY @o——_ 


Engelhard Direct Deflection Indicators have all these features . . . Accurate sensi- 
tivity to the most minute voltage variations due to suspension type construction . . . 
High resistance per millivolt and no appreciable error when used with thermocouples 
of different resistances and on connecting leads of consid- 
erable length . . . Sturdy construction, adapted to use under 
severe conditions without danger . . . So simple that instent 
readings may be made directly in either millivolts or tem- 
peratures by someone unfamiliar with the principles of pyro- 
metry . . . On kilns or furnace installations, where "spot 
readings” are desirable—the Engelhard Rotary Switch permits 
Modern Jesign and construction puts separate readings from many points. 
this rucged precision instrument in 
a gra ibove the ordinary dead- Write for 
wengat teeter Catalog 
Made eight ranges, to 3000 Ibs. ; 
maxi! 
We z ntee 1/10 of 1 percent ac- d PORTABLE 
cura each range. MODEL P-1 
The T 452 is designed for sim- 
plicity and compactness. Tt incorpo- 
rates the newest refinements and 
imp! ents, Adapters and tools 
are ied, as well as either car- 
rying se or protecting cover. 
I ediate and intelligent at- 
tention will be given to your 
i? ies on all industrial 
s | measurement problems. 
i us a line today. 


lel Amthor Testing Instrument Co., Inc. CHARLES ENGELHARD, INCORPORATED 
Mr 49a Van Sinderen Ave. Brooklyn, N. Y. 90 CHESTNUT ST. NEWARK, NEW JERSEY 

















a STR TOY Lean e 


+0.000,005” 


TT You may never need such 


/ _ close tolerances, but five- 
millionths of an inch is 


standard for certain lenses 





and optical flats madeinour 


P H @) T ©) ¢ E L L S shops ... and sets the standard for all our craftsmanship. 


(Barrier-Layer Type) Kollmorgen devoted a quarter-century to the develop- 


of highest sensitivity 


ment of the periscope, gave the U. S. Navy the best 
periscope extant, has supplied more than any other maker. 
* Great variety of sizes and shapes Periscopes, navigation and fire control instruments engage 
@ Unn i ie P . jac e 

nounted or mounted in varie. all our production facilities today. 

ous styles of casings -_ ' “7 

® Full cooperation regarding ap-” lomorrow, Kollmorgen research will be ready for the 
plication and circuits problems of industry, science and education . . . and 


| PHOTOVOLT CORP. 


95 Madison Ave. New York City 


Write for literature also on KOLLMORGEN OPTICAL CORP. 


orimeters Smoke Meters 
tion Meters Haze Meters 
Fluorescence Meters 9 Fr: i venue 5 
Electronic Photometers AE Sy ? mm we" 
Street-Lighting Meters 
ontinuous-Flow Colorimeters 


Kollmorgen staff available for precision manufacture in 


optics and mechanics, glass and metals. Inquiries invited. 


RAIA AAA) aww 


V 





MAAN nnna"a@aa@"mo@a"Wa@rwwv 
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RUBICON PORTABLE 
PRECISION POTENTIOMETER 





Available in a number of double-range 
combinations, such as 1 vol and .1 volt, 
100 MV and 10 MY, also in pH ranges. 
Guaranteed accuracy .1%. An outstand- 
ing value. 

Described in Bulletin 270 which also 
describes Rubicon High Precision Type B 
Laboratory Potentiometer. 

We also make galvanometers, colorim- 
eters, permeameters, Wheatstone and 
Kelvin Bridges, resistance standards, coil 
testers, arcronographs. ¢ 


Descriptive bulletins available on request. 


RUBICON COMPANY 


Electrical Instrument Makers 


Ridge Ave. at 35th St., Philadelphia, Pa. 
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THE “Q” METER... QX-CHECKER| . 
BEAT FREQUENCY GENERATOR... 


A NEW 
TEST SET 


Now available 


for general use 


Originally designed for a large Electronic Manufacturer 


For production testing of tunable resonant cir- 
cuits. A rapid means of determining maximum 


and minimum limits, for use in megacycle range. 


BOONTO 


BOONTON, N. J. x 





DESIGNERS AND MANUFACTURERS OF 
. » FREQUENCY MODULATED SIGNAL GENERATOR 
AND OTHER DIRECT READING TEST INSTRUMENTS 





The Microscope that Changed 
the Course of Science 


Here you see one of the earliest of the Bausch & Lomb 
microscopes. 

This was the first microscope produced by quantity 
production methods . . the first precision compound 
microscope to be made at a price which the average 
research worker, educator or medical man could afford 
These microscopes made research and study possible in 
America on an unprecedented scale. 










Prior to this development of the mass production of | 


precision optical instruments by Edward Bausch in 
1876, the use of the microscope was restricted by high 
cost. Today the microscope is a familiar laboratory 
instrument in nearly every fleld of scientific endeavor 

With this rich background of experience, Bausch & 
Lomb makes the most complete line of optical instru- 
ments built by anybody anywhere, setting the pace in 
pioneering optical research, development and manufac- 
ture. 

This is the experience that can be applied to the 
solution of your optical problems whether through a 
standard Bausch & Lomb instrument for research or 
control, or a completely new optical development for 
your specific needs 


BAUSCH & LOMB 


OPTICAL CO., ROCHESTER, N. Y. 
Established 1853 
Makers of Optical Glass and a Complete Line of Opti- 


cal Instruments for Military Use, Education, Research, 
industry and Eyesight Correction and Conservation. 


| 





observation of voltages up >: 
with second-stage gain contr 

variable without changing fr: 
teristic. Horizontal linear 

synchronized with signal in 

fier for positive locking of i; 
up to 500 ke. A switch cont 
chronization at either negati 
chassis, affords protection f; 
age when unit is removed f; 
and panel are of metal, pr 
mum shielding and freedom 
ing electrostatic and magr 
Reiner Electronics Co., 152 ¢ os 
New York 1, N. Y. : 











Multitester 
New “RCP Model 663A Ele 
tester” is designed to save ti 
oratory and to speed product 
is said to combine “maximu 
fiexibility and utility.’’ It is 
d-c. voltmeter, a-c voltmeter, 
capacitymeter, all combined ir 
ment. Among features: *27 
operated ranges; *VR 105-30 
lator tube and its associated 8 pred 
vent error due to line voltage tuat a 
*13 a-c. and d-c. voltage scak easuri 
from a fraction of a volt to 
*High-voltage test leads; r.f. 
tracing probe; resistance and l . 
lead; 4%.” D’Arsonval microa ter with 
guaranteed accuracy of 2% scale 
linear law, maximum b 
tection, cannot be damaged by ’ 
live resistor or using too low nge for 
making a measurement. Ther 
light indicator; matched pair 
sistors accurate to 1%. Rugged ed sted 





scale 


case is thoroughly shielded. T meg 
complete with five leads; lar y 
batteries, easily replaceable; ES ind 
pilot lamp. Dimensions: 9%” 

614”. Weight: 7% lbs.—Radio 

ucts Co., Inc., 127 W. 26th St 

SP ee 


NAMEPLATES, DIALS, 
GAUGES, MARKINGS 
LETTERING, TRADE 
MARKS, EDC., ON 
ANY SURFACE 


Facilities for complete mark- 
ing production— any quam 
tity, on any surface. 


MULTI-MARK Screens made up 
for any design; reproductions 
may be made directly on your 
products without special ms 
chinery; complete directions 
furnished. 


Write to us for information on 
marking problems ... we's 
experience with scores of them 
and may be able to belp you 


MULTI-MARK DIVI<!0N 


Colonial Process Supply Co:npany 
136 West 28rd St. NEW YORE 
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rect VITAL 
nt & CABLES 
FR € OM STRAIN 


Nn the la} 
Sting, ¥ 
enSitivity 
1um-tubd 


ASSEMBLY time can be re- 

duced and production sim- 
plified with this Heyman strain 
relief. It will absorb cord pull 
ond torque and eliminate strain 
on terminals.. Protective coat- 
ing retards rusting. Has Under- 
writers Laboratories approval. 


TES, DIALS 
MARKINGS 
G, TRADE 
ETC., On 
URFACE 


HUNDREDS OF USES IN: 


INSTRUMENTS 
RADIOS 
HEAD SETS 
ELECTRONIC DEVICES 
CONTROL PANELS 


TELEPHONES 
ELECTRICALLY ENERGIZED 
MACHINERY 
ETC. 

any quan 
e. 
ns made up | Send cord size for test samples 
roductions d : . 
ly on your|[e O¢ Quotations for your partic- 
pecial ma- | Ular application, without obli- 
direction gation, of course. 
ation on I: 
ve’ve bad 
of them 
wn 6HEYMAN 
ViSiON 
Conpany MFG. COMPANY 
y YORE MANUFACTURERS ENGINEERS 
ao ee 


KE WILWORTH, NEW JERSEY 








There's NO SUBSTITUTE for 


Je op 
oo 
OPTICS 


Tinsley Laboratories’ long 
EXPERIENCE in Precision Optics 
and Instrument manufacture— 

—their leadership of the West 
in quantity-quality production of 
Optical Elements for the Armed 
Forces— 

—are a guarantee 
requirements for 


LENSES 
PRISMS 
FLATS 
MIRRORS 
PARTS ano 
ASSEMBLIES 


will be competently and 
reliably executed! 


INQUIRIES WELCOME 


Tinsley Laboratories 
Berkeley 4, 
California 


that your 








Interval Timers 








Process Timers 








Signal Timers 











Time Switches 








Relays 








= Write om 








AUTOMATIC 


===S=ELECTRIC = 
MANUFACTURING CO. 
MANKATO, MINNESOTA 








SQUARE-WAVE 
GENERATOR 


Desicnep for testing over-all 
performance of radio systems 
and networks, this self-con- 
tained instrument generates its 
own frequency with remark- 
able stability. Can be synchro- 
nized from an external source. 

Other units in the new Gen- 
eral Electric line of ELECTRONIC 
MEASURING EQUIPMENT in 
clude: G-E wave meters, capac 
itometers, power supplies, 
wide band oscilloscopes, signal 
generators, and various other 
instruments in the ultra-high 
frequency and micro-wave 
fields for measuring electronic 
circuits and checking compo- 
nent parts. 


e For complete details, please 
mail coupon below. We invite 
your inquiry for G-E electroni 
measuring equipment made to 
meet your specific requirements 


—_— : 
S 


ELECTRONICS 
DEPARTMENT 
General Electric Co. 
Schenectady, N. Y. 


Please send. without obligation to 
me, the General Electric Measuring 
Instrument Catalog, I (loose-leaf), 
for my information and files 


OE GLAI EE. 





An OTN ns 


GENERAL Le ELECTRIC 


Electronic Measuring Seatriinants 
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This CLARE Relay 
Can Take the Place 


WER nthe teateact Gn 


ame 


New Literat ar 3 


In this department we report ALL pieces of new literature pertaining to |: strumenty 
received from the manufacturers. To assist in the War Effort we urge readers to -equest 0 
those bulletins which will be of value to them. Use the coupon on the facing > .e 














L-78 Cenco News Chats. 75%” « 10%,” L-85 “The Graphic.” [3 




























































































aii cd Rel 20 pages. The December issue contain 11”, 4 pages. Reviews F ' 
re type \ c. Relay information of scientific interest, and unusual applications of 
features an article paying tribute to cal instruments in va 
WThis rugged multiple-contact relay Dayton C. Miller, “*** a great Ameri fields. Numerous illust: 
permits innumerable contact arrange- can who dedicated his life to the service .jugeq among which ar 
ments. Permits designing to small of science.” Central Scientific Company juctions of actual chart ; 
size, with a lesser number of relays; 1700 Irving Park Rd., Chicago 13, III iSite thdhenaebiete.. “4, 
and facilitates maintenance. Adapted L-79 Ghuiite News. 8%° X11", 2 us Company Inc. Ind 
for use in electronic control devices pages. December, 1943 Issue contains an nad st lige 
and for sequence control and inter- urticle on high frequency induction heat- Loe Oi se eeneneering 
locking operations. Ideal where un- ing frequency equipment. Ohmite Mfg 29, Ui XX Sh oe Pees. 
usual arrangements of relay control Co., 4826 W. Flournoy St., Chicago, Il ROM, MOCDEMRNENED «O09 
are desired. Here are the reasons why: L-80 €-D Capacitor, December issue metermen concerned wit! 
1. Contact springs 54” X 7%”, 16 pages. Contains two arti stallation procurement 
employing any of the cles of general interest to electronics nance of flow meters 
eee Seren cenee men. One describes three types of circuit steam measurements. Nu 
networks to compensate overall response of engineering data. sin 
of crystal phono pickups to improve pe} of proper primary and 
formance. The second article, technical There are also two full pas 
in nature, presents a simplified solution illustrating correct instal 


mary elements and also } 
to the meter. Plant eng 
helpful the suggestions f 


of general problems concerning ampli- 
fier response characteristics Cornell 
Dubilier Electric Corp., 1049 Hamilton coe i 
Blvd.. So. Plainfield. N. J longer life of meters Pure 4 
times omit valuable inforn FE 
order for meters with ser 
cies after installation beca 





2. Spring pile-up in- 
sulators of heat treated 
Bakelite which permit 


L-81 Mercurial Thermostats. Bulletin 
344, 33%” xk 81%”, 6 pages Response ti 





punching without changes in temperature is based upon gineers were unaware of sp: ug 
wee oad lew expansion or contraction of mercury ments, Herein readers will 
} ‘ y 2< > > . "ios . ‘ 

moisture absorption within a glass tube Electrical contact, how to order, and how to 9 
content. Assembly for controlling purposes, is made when curate information for conté 
locked together under mercury touches two contacts hermetic- stallations. Cochrane. Cor: f 
hydraulic pressure 3. Twelve different illy sealed in a glass tube. The straight 32, Penna. 
Withstands heavy dara I a , : , 

, : and angle types illustrated in this pub- 
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4. Spring bushing in- 
sulators are Bakelite 
rod made by a patent 
process. Strong, hard, 
long wearing. Essential 
where heavy contact 
pressures are employed, 
where vibration exists, 
or heavy duty service 


suring the characteristic impedance of a 
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simplify and speed up prod 





is desized. 5. Armature assembly L-83 Air Craft Suction and Air Pres- insulation eliminates sepa 
single or double arm. sure Systems, Check Chart 3, 8144” x 11” on wire, and offers advanta 
Has stainless steel shaft, 4 pages. Contains a quick-reference procurement and handling st 
operating in a marine specification chart of suction-air pres- eliminating the necessity of ng 


brass yoke. Heel piece, 
coil core and armature 
are magnetic metal care 





sure systems and components for air- 
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ow instruments for air- 
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iphs, schematic diagrams, 





drawings, explains ap- 
strument for flow meas- 

1, oil, and anti-ice fluids 
ng instruments a meter- 
iting within a tapered pre- 
etering tube, indicates on 
even distribution. Remote 
the same principle but 
pick-up device for re- 

nn. Applications given in- 
lire eading “Weight-Rate” in- 
testing aircraft engines, 
earburetors. Fischer & 
County Line Road, Hat- 


Varinble Air Condensers, Bulletin 


7 11”, 4 pages. Heavy duty 


condensers for radio and 
ijustries heating equipment. 
e offers such features as 
mountings, Steatite insula- 
ut, and built-in neutraliz- 
<ers as part of main unit. 
additional features and is 
i by complete specifications 
having air gaps between 
0.25 in. to 0.5 in. Illustra- 
ons, and prices also given. 
Williamson, 235 Fairfield 
Darby, Pa 

2 Electronic Products. 1944 Catalog, 
6 pages. Components and ac- 
radio and other electronic 
Includes fixed and variable 
fixed condensers, jacks and 
s, power supplies, selector 
vibrators, Vibropacks, ete. 
trated, with pertinent dimen- 
st prices included, P. R. Mal- 

nd Co., Ine., Indianapolis, Ind. 
Oscilloscopes. Bulletin, 814” x 11”, 
omplete technical data on labo- 


tions wide range oscilloscope. De- 
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ors s ts caused by advances in 
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di H ntal Amplifier and Vertical 
d f e identical in gain and fre- 
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fi rison voltmeter to facilitate 
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ure ope, and unit illustrated by 


lerless Ter ’ 
1”. | ves L 





mine ctors. 





up Aug ‘ 
es s nits, 
2 f 
30! fitting J 
1p! pe 

to g 


Reiner Electronics Co., 152 
St., New York 1, N. Y. 


'4 Spark Plug Tester. Bulletin, 8%” 


pages. Specification, for fow 
irk plug testing units, supple- 
illustrations and descriptions 
ompletely portable and self- 
to increase their value for 
cations. Airplane Mfg. and 
p., 6853 Lankershim Blvd., 
wood, Calif. 


Visual Inspection Aids. Bulletin, 

! pages. Self-supporting 
5” single or double magni- 
to increase accuracy and re- 
strain in inspection of small 
lilt-in two-tube fluorescent 
uminates object for best op- 
nditions. Text is illustrated by 
graphs. Larrimore Sales Co., 
entral Station P.O., St. Louis, 


‘oiler and Feed Water Testing 
talog, 5%” X 81%”, 16 pages. 
ned testing units for Naval 
lant ship applications. All 
suitable for bulkhead mount- 
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are definitely needed! 








gas actuated. 


Industrial types have 





and any desired stem. 


52-56 W. Houston St., 
New York 12, N. Y. 














every Industrial Need! 


RESEARCH, wherever com- 
plicated physical or chemical 
processes are involved, 
Weksler precision instruments 


Dial Indicating types have 
easy-to-read 4/2", 6” or 81/2’ 
dial, in latest phenol con- 
densate case, and are mer- 
cury, vapor or gas actuated. 


Indicating and Recording 
types have 10” or 12” chart, 
and are mercury, vapor or 





shape bronze case, remov- 
able glass front, red reading 
or yellow back mercury tube, 
and a straight, back or side 





Glass Precision Thermometers, 
Hydrometers, Psychrometers 
and Hygrometers are made 
in various scales and ranges, 
for many definite duties. 





Send for interesting 
new folder No. G 20. 


Weksler Thermometer Corp. 
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TO PREVENT WASTE AND AID THE WAR 


EFFORT 


(1) Request ONLY the literature that will aid you in your war work. 
(2) Paste the coupon on a government postal card addressed to Instruments, 


taking care to make all four edges stick. 





Instruments, 1117 Wolfendale St., Pittsburgh 12, Pa. 


(MAY 1944) 


Please have the following catalogs, etc., reviewed in this issue sent to me. 
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SGC CeKEGS C44 


I also desire further information concerning the following new products described in 


this month’s “New Instruments” Department. . . 


Name 
Company.... 
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WITH YOUR 
PRIORITY 
REQUIREMENTS 


FOR 
RADIO 
PARTS 


TUBES 


ELECTRONIC 
EQUIPMENT 


Send for this 


FREE 
CATALOG!* 


A Complete, 
Centralized Source of Supply 


Save precious time! If you are having diffi- 
culty procuring essential radio-electronic items 
we can help solve your problems. Hundreds 
of leading nationally-advertised brands are 
carried in stock — ready for immediate ship- 
ment on suitable priorities. “We deliver the 
goods throughout the nation—on time!” 











CONDENSERS 
RESISTORS 
TRANSFORMERS 
PLUGS @ JACKS 
SWITCHES 
CHASSIS 
PANELS 
CONNECTORS 
TUBES 
METERS 
TEST EQUIPMENT 
AMPLIFIERS 
SOUND SYSTEMS 
PILOT LIGHTS 
RELAYS ® WIRE 
FUSES 
SOCKETS 
BATTERIES 
TERMINAL STRIPS 
ATTENUATORS 
OSCILLATORS 
TEST PRODS 
etc., etc. 





EXPERIENCE 





SUPPLIERS TO 


industrial Manufacturers 
Research Laboratories 
Telephone-Telegraph Companies 
Public Utilities 
Schools ¢ Colleges © Hospitals 
Aircraft Plants ¢ Shipyards 
U. S. Army Signal Corps 
U. S. Navy 
and other Government Agencies 


*800 page catalog free on request to author- 
ized purchasing agents who write in on 
company stationery. Address Dept. MS. 


Telephone BArclay 7-1840 


SUN RADIO 


& ELECTRONICS Co. 


212 Fulton Street, New York 7, N. Y. 
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ing, but portable sets are available. Spec- 
dimensions, 
prices are given for each unit. Price list Co., 
and chemicals 
81 Reade St., 


ifications, illustrations, 


for apparatus, solutions, 
also included. 


New York 7, N. Y. 
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pages. 
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Separate 
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Several pages are 
illustrating 
Laboratories, 
Palo Alto, 
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water 
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Research 
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L-98 Square 
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external frequency 
frequency generator 
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A decade frequency 
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Accuracy of 
extended 


pages. 
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muy be 
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Contents 
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accurately 
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described 
photographs, 
to comments 


drawings and 
devoted 
advantages. 

1961-63-65 
Calif. 

Wave Generator. 
Designed for 
and general testing applications, 
synchronized with any 
of a standard 110 
having a voltage of 
has 
that 
than 
multiplier 
increases 
frequency 
Output 


source 


periods. 
varied in fixed steps or con- 
iable 
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graphs, 
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Bulletin 


technical 
and dimensions, 
152 West 25th St., 


specificat 
Reiner 
New Y 
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mensions and technical spe¢ 


with 
and 
cial, 
tions 
data 
other 
special 


covered 
conductors, 
given 

the 
line 


exact 
leaks. 


also 
essary for 


and illus- 


Fisher 
Uni- 


indent type electrical 
various 
cable in 
and Marine 
(watertight) 


Naval, 


include 


conr 
and 
Aircraft 
Power and 
applicati 


types 


for quick disc 
miscellaneous 
applications. 
darwings and photograp 
data on 
installation of 
Burndy Engineering Co., Ine 
ern Boulevard, 


types 
All type 


variou 


New York 54 


L-100 Electrical Components 


oY x Se 
push-button 
switches; 
spring 


Leaflet, 
pro- 


can be 
hand-cali- of 10 or 20 
reads from down 
100 cycles. 
(X1 
range as ings 
output for 
volt- successfully 
springs. 
voltage po- 


photo- way, 


INDEX 





Aerovox Corporation 

Air Express Div., Railway — 
ee ...277 

American Colls Company. 

American Cystoscope Makers, 
Inc. 

American Instrument. “Company 

American Machine & Metals, 
int. . 

Ames Company, B.C 

Amthor Testing Instrument Co. 

Arnold Engineering Company...... 

Askania Regulator Company 

Automatic Electric Mfg. Co. 

Automatic Temperature Control 
Dy ataincmnabisomncenies : 


Bailey Meter Company 
Barber-Colman Company ........ 
Bausch & Lomb Optical Co. 
Bendix Aviation Corp., 
Eclipse-Pioneer Division 
Biddle Company, James G. 


| Bodine Electric Company.. 


Boes Company, The W. W.. 

Boonton Radio Corporation . 

a 

Bradley Laboratories, ‘Inc. 

Bridgeport Thermostat Co., 
Inc. 


| Brown Instrument Company 


Burling Instrument Company 


Cadillac Glass Company..... . 
Canadian Radium & Uranium 
SER aas ars © St a ee 
Cannon Electric Development 
| 5 ee eee 
Chace Company, W. M... 
Chelsea Clock Company........ 
Cinaudagraph Corporation .... 
Clare and Company, C. P. ; 
Clarostat Manufacturing Co. ...... 
Cochrane Corporation _......A16- 
Colonial Process Supply Co. 
Connecticut Telephone & 
Electric Div. .... ; 
Consolidated Engineering 
Corporation .......... 
Continental Electric Company 315 
Cook Electric Company... 291 


Daven Company......lnside Back Cover 
DeJur-Amsco Corporation 10 
Diamond Tool Replacements 
Company 
Dietert Company, Harry W. 
Dillon & Co., Inc., W. C... 
Drake Manufacturing Company 
DuMont Laboratories, Inc., 
Allen B. 
Durant Manufacturing Company 296 


Eclipse-Ploneer Division eee | | 
Elgin National Watch Company..282 
Engelhard, Inc., Charles..............319 
Eppley Laboratory, Inc., The......290 
Fast & Company, John E. 288 
Federal Products ~ maaan 
Fenwal Incorporated mee 
Foxboro Company, The 
Fulton Sylphon Company, The.... 
Gaertner Scientific Corp., The... 
Gallien, R. P. 2 
General Electric Company... 
General Radio Company 
Gorrell & Gorrell... Exes 
Great American Industries, nc. 
Hathaway Instrument vr 
Hays Corporation, The 
H-B Instrument Company .......... 
Heiland Research Corporation... 
Heise Bourdon Tube Laboratories 
Hewlett-Packard Company 
Heyman Mfg. Company............. 
Holtzer-Cabot Electric Co., The. 
Hopp Press, Inc., The...... 
illinols Testing Laboratories. 295 
Indiana Steel Products Co., The. A26 
International Resistance 

Company ....... 292 
Jackson Electrical Instr. Co 293 
J-B-T Instruments, Inc... .....A6 
Kester Solder Company... ..280 
Kollmorgen Optical Corporation 319 
Kollsman Instrument Divislon......A3 
Leeds & Northrup Company........A34 
Lewis Engineering Company, The..A5 
Liquidometer Corporation............ 
Littelfuse Incorporated 
L & R Manufacturing Company..281 
Marshall Company C. & E... 
Maymer Corporation "314 
Mead Specialties Company..289, 298 
Measurements Corporation 
Merlam Company, The ............. 
Merit Coll & Transformer Corp...286 
Micro Switch Corporation... ..289 
Minneapolis- Honeywell Regualtor 

AS 


Co. 
Mobi'e ‘Refrigeration. “Division... Al2 
Moeller Instrument Company 
Molsture Register Company 
Naxon Utilities Corporation 
New York Transformer Company..318 
Norton Electrical Instrument 

Co. reas. 4 
Ohmite ‘Manufacturing Company A28 
Oster Mfg. Co. of Illinois, 

es Se eee 301 
Palmer Company, “The catacsent 


24 pages. 
multiple-cont 
plug jacks, 
assemblies. 
with contact ratings of 3 or 
volts a.c. 
furnished 
amp. 
2000 
of each 


rating 
illustrations 
descriptions and 
of contract 
all switches. 
designed with a 
Price 
Mossman, Inc., 
Chicazo 


Levy er, 


and ba 
Switches 


Heavy duty s 
with cont 
110 volts 

volts a.c 
unit 

technical 4d 
assembles 
Certain type 


lists included 
6133 N. North 


5 ae 


Paragon Electric Company 
Permo, Incorporated 


talog, 
» and 

type 
ntact 
ilable 


iperes 


‘heg 


ratings 


reak- 


borate 


ement 
LTraw-. 
Biven 
been 
of 48 
ild P 
High- 


295 
315 


Philadelphia Thermometer Co...217 


Photovolt Corporation 


Pioneer Instrument Division 


Powers Regulator Company 
Precision Thermometer & 
Instrument Co. 


319 
All 
259 


294 


Premier Metal Etching Company. 303 
Production Instrument Company.30] 


Pyrometer Instrument Co 
Railway Express Agency, 
Air Express Div. 


The..314 


Rawson Electrical Instr. Co 


Raytheon Manufacturing 
Company .. 


Refinery Supply Company, The....297 


Revere Company, The 


279 


Riehle Testing Machines Diy...313 


Rubicon Company 
Screenmakers .. 


320 
285 


Seedburo Equipment Company....A30 
Shallcross Manufacturing Co. 31) 
Shore Instrument & Mfg. Co., 


ts. tes 
Silk Screen “Supplies, Inc 


316 
316 


Simpson Optical Mfg. Company 297 


Sola Electric Company 


SpeedWay Manufacturing Co 293 
A3 


Square D Company 

Standard Electric Time Co 
| es 

Sticht Co., “Inc... “Herman 

Struthers-Dunn, Inc. 

Sturtevant Company, 


A28 
H.....313 
27 


Pe) 


P. A.....305 


Sun Radio & Electronics Co... 324 


Superior Electric Company 


Als 


Superior Instruments Company 317 


Tagliabue Mfg. Co., C. J 


_Inside Front Cover 


Terminal Radio. Corporation 
Thordarson Electric Mfg 
Tinsley Laboratories 
Trerice Company, H. 0 


Co 


Trimount Instrument Company 
Trinity Equipment & Supply Co 
Triplett Electrical Instr. Co 
United Transformer Company 


Univis Lens Company, The 


Vard, Inc. 
Veeder-Root Incorporated 


Wallace & Tiernan Product 


Ward Leonard Electric Con 


Warren Telechron Compan) 


Waugh Laboratories ... 

Weksler Thermometer 
Corporation ....... 

a yeaa Electric & = 8 


Corp. 
Wheaton Co., T. C. 
Winslow Company, The 
Wrigley Jr. Company, Wm 


Cover 


A2l 





